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Docket No. 1075 . 1013 -CC-D3 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
George ISHIKAMA, et al . 

Serial No.: Div. of 08/917,292 Group Art Unit: 

Filed: May 19, 1998 Examiner: 

For: OPTICAL WAVELENGTH MULTIPLEX TRANSMISSION METHOD AND 
OPTICAL DISPERSION COMPENSATION METHOD 

PRELIMINARY AMENDMENT 

Honorable Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

This Preliminary Amendment is filed to add new claims for 
consideration by the Examiner. Therefore, please enter this 
Preliminary Amendment before examination of the present 
application. 
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IN THE CLAIMS 

Please CANCEL claims 1-90, without prejudice or disclaimer, 
and before calculating the filing fees for the present application. 
Please ADD the following NEW claims: 

91. (NEW) A repeater comprising: 

a first amplifier amplifying an optical signal; 

a first dispersion compensator providing dispersion 
compensation to the amplified optical signal; and 

a second amplifier amplifying the optical signal provided with 
dispersion compensation by the first dispersion compensator. 

92. (NEW) A repeater as in claim 91, further comprising: 

a second dispersion compensator providing dispersion 
compensation to the optical signal after being amplified by the 
first amplifier and before being amplified by the second amplifier. 

93. (NEW) A repeater as in claim 92, wherein the first and 
second dispersion compensators provide different dispersion 
compensation amounts. 

94. (NEW) A repeater as in claim 92, wherein 

the first dispersion compensator provides positive dispersion 
compensation, and 

the second dispersion compensator provides negative dispersion 
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compensation. 

95. (NEW) A repeater as in claim 91, wherein the first and 
second amplifiers are erbium doped optical fiber amplifiers. 

96. (NEW) A repeater as in claim 92, wherein the first and 
second amplifiers are erbium doped fiber amplifiers. 

97. (NEW) A repeater as in claim 91, wherein the first 
dispersion compensator is a dispersion compensation fiber. 

98. (NEW) A repeater as in claim 92, wherein the first and 
second dispersion compensators are dispersion compensation fibers. 

99. (NEW) A repeater as in claim 91, wherein the first and 
second amplifiers have a combined gain so that the optical signal 
is output from the second amplifier at a power level sufficient to 
be received by a receiver downstream of the second amplifier. 

100. (NEW) A repeater as in claim 92, wherein the first and 
second amplifiers have a combined gain so that the optical signal 
is output from the second amplifier at a power level sufficient to 
be received by a receiver downstream of the second amplifier. 
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101. (NEW) A repeater as in claim 91, further comprising: 

a second dispersion compensator providing dispersion 
compensation to the optical signal before being amplified by the 
first amplifier or after being amplified by the second amplifier. 

102. (NEW) A repeater as in claim 101, wherein the first and 
second dispersion compensators provide different dispersion 
compensation amounts. 

103. (NEW) A repeater as in claim 92, further comprising: 

a third dispersion compensator providing dispersion 
compensation to the optical signal after being amplified by the 
first amplifier and before being amplified by the second amplifier. 

104. (NEW) A repeater as in claim 103, wherein the first, 
second and third dispersion compensators provide different 
dispersion compensation amounts. 

105. (NEW) A repeater comprising: 

a plurality of dispersion compensator units optically 
connected in series, each dispersion compensator unit including 

an optical amplifier for amplifying an optical signal, 

and 

a dispersion compensator providing dispersion 
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compensation to the optical signal either before or after being 
amplified by the optical amplifier. 

106. (NEW) A repeater as in claim 105, wherein the optical 
amplifier of each dispersion compensator unit is an erbium doped 
fiber amplifier. 

107. (NEW) A repeater as in claim 105, wherein the dispersion 
compensator of each dispersion compensator unit is a dispersion 
compensation fiber. 

108. (NEW) A repeater comprising: 

an optical amplifier amplifying an optical signal; and 
first and second dispersion compensators providing dispersion 
compensation to the optical signal. 

109. (NEW) A repeater as in claim 108, wherein the first and 
second dispersion compensators both provide dispersion compensation 
to the optical signal before being amplified by the optical 
amplifier . 

110. (NEW) A repeater as in claim 108, wherein the first and 
second dispersion compensators both provide dispersion compensation 
to the optical signal after being amplified by the optical 
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amplifier. 

111. (NEW) A repeater as in claim 108, wherein at least one 
of the group consisting of the first and second dispersion 
compensators provides dispersion compensation to the optical signal 
before being amplified by the optical amplifier. 

112. (NEW) A repeater as in claim 108, wherein at least one 
of the group consisting of the first and second dispersion 
compensators provides dispersion compensation to the optical signal 
after being amplified by the optical amplifier. 

113. (NEW) A repeater as in claim 108, wherein the first and 
second dispersion compensators provide different dispersion 
compensation amounts to the optical signal. 

114. (NEW) A repeater as in claim 111, wherein the first and 
second dispersion compensators provide different dispersion 
compensation amounts to the optical signal. 

115. (NEW) A repeater as in claim 112, wherein the first and 
second dispersion compensators provide different dispersion 
compensation amounts to the optical signal. 
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116. (NEW) A repeater as in claim 108, further comprising: 

a third dispersion compensator providing dispersion 
compensation to the optical signal. 

117. (NEW) An apparatus comprising: 

a first amplifier amplifying an optical signal; 

a first dispersion compensator providing dispersion 
compensation to the amplified optical signal; 

a second amplifier amplifying the optical signal provided with 
dispersion compensation by the first dispersion compensator; and 

an enclosure housing the first and second amplifiers and the 
dispersion compensator. 

118. (NEW) An apparatus as in claim 117, further comprising: 
a second dispersion compensator providing dispersion 

compensation to the optical signal after being amplified by the 
first amplifier and before being amplified by the second amplifier, 
the second dispersion compensator being housed in the enclosure. 

119. (NEW) An apparatus as in claim 118, wherein the first 
and second dispersion compensators provide different dispersion 
compensation amounts. 
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120. (NEW) An apparatus as in claim 118, wherein 

the first dispersion compensator provides positive dispersion 
compensation, and 

the second dispersion compensator provides negative dispersion 

compensation . 

121. (NEW) An apparatus as in claim 117, wherein the first 
and second amplifiers are erbium doped fiber amplifiers. 

122. (NEW) An apparatus as in claim 118, wherein the first 
and second amplifiers are erbium doped fiber amplifiers. 

123. (NEW) An apparatus as in claim 117, wherein the first 
dispersion compensator is a dispersion compensation fiber. 

124. (NEW) An apparatus as in claim 118, wherein the first 
and second dispersion compensators are dispersion compensation 
fibers . 

125. (NEW) An apparatus as in claim 117, wherein the first 
and second amplifiers have a combined gain so that the optical 
signal is output from the second amplifier at a power level 
sufficient to be received by a receiver downstream of the second 
amplifier . 
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126. (NEW) An apparatus as in claim 118, wherein the first 
and second amplifiers have a combined gain so that the optical 
signal is output from the second amplifier at a power level 
sufficient to be received by a receiver downstream of the second 
amplifier. 

127. (NEW) An apparatus as in claim 118, further comprising: 
a third dispersion compensator providing dispersion 

compensation to the optical signal after being amplified by the 
first amplifier and before being amplified by the second amplifier, 
the third dispersion compensator being housed in the enclosure. 

12 8. (NEW) An apparatus as in claim 127, wherein the first, 
second and third dispersion compensators provide different 
dispersion compensation amounts. 

129. (NEW) An apparatus comprising: 

a plurality of dispersion compensator units optically 
connected in series, each dispersion compensator unit including 
an optical amplifier for amplifying an optical signal, 
a dispersion compensator providing dispersion 
compensation to the optical signal either before or after being 
amplified by the optical amplifier, and 

an enclosure housing the optical amplifier and the 
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dispersion compensator. 

130. (NEW) An apparatus as in claim 129, wherein the optical 
amplifier of each dispersion compensator unit is an erbium doped 
fiber amplifier. 

131. (NEW) An apparatus as in claim 129, wherein the 
dispersion compensator of each dispersion compensator unit is a 
dispersion compensation fiber. 

132. (NEW) An apparatus comprising: 

an optical amplifier amplifying an optical signal; 

first and second dispersion compensators providing dispersion 
compensation to the optical signal; and 

an enclosure housing the optical amplifier and the first and 
second dispersion compensators. 

133. (NEW) An apparatus as in claim 132, wherein the first 
and second dispersion compensators both provide dispersion 
compensation to the optical signal before being amplified by the 
optical amplifier. 
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134. (NEW) An apparatus as in claim 132, wherein the first 
and second dispersion compensators both provide dispersion 
compensation to the optical signal after being amplified by the 
optical amplifier. 

135. (NEW) An apparatus as in claim 132, wherein at least one 
of the group consisting of the first and second dispersion 
compensators provides dispersion compensation to the optical signal 
before being amplified by the optical amplifier. 

13 6. (NEW) An apparatus as in claim 132, wherein at least one 
of the group consisting of the first and second dispersion 
compensators provides dispersion compensation to the optical signal 
after being amplified by the optical amplifier. 

137. (NEW) An apparatus as in claim 132, wherein the first 
and second dispersion compensators provide different dispersion 
compensation amounts to the optical signal. 

138. (NEW) An apparatus as in claim 135, wherein the first 
and second dispersion compensators provide different dispersion 
compensation amounts to the optical signal. 
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13 9. (NEW) An apparatus as in claim 13 6, wherein the first 
and second dispersion compensators provide different dispersion 
compensation amounts to the optical signal. 

14 0. (NEW) An apparatus as in claim 132, further comprising: 
a third dispersion compensator providing dispersion 

compensation to the optical signal, the third dispersion 
compensator being housed in the enclosure. 

141. (NEW) An apparatus as in claim 14 0, wherein at least one 
of the group consisting of the first, second and third dispersion 
compensators provides dispersion compensation to the optical signal 
before being amplified by the optical amplifier. 

142. (NEW) An apparatus comprising: 

a dispersion compensator providing dispersion compensation to 
an optical signal; 

a first amplifier positioned upstream of the dispersion 
compensator ; and 

a second amplifier positioned downstream of the dispersion 
compensator, wherein a combined gain of the first and second 
amplifiers is sufficient to compensate a loss in the dispersion 
compensator and to produce the optical signal having an output 
power for transmission downstream of the second amplifier. 
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143. (NEW) An apparatus as in claim 142, wherein the 
dispersion compensator is a dispersion compensation fiber. 

144. (NEW) An apparatus as in claim 142, wherein the first 
and second amplifiers are erbium doped fiber amplifiers. 

145. (NEW) An apparatus as in claim 143, wherein the first 
and second amplifiers are erbium doped fiber amplifiers. 

146. (NEW) An apparatus as in claim 142, further comprising: 
an enclosure which houses the dispersion compensator and the 

second amplifier. 

14 7. (NEW) A repeater comprising: 

a first amplifier amplifying a plurality of optical signals, 
each having a different wavelength; 

a first dispersion compensator providing dispersion 
compensation to the amplified plurality of optical signals; and 

a second amplifier amplifying the plurality of optical signals 
provided with dispersion compensation by the first dispersion 
compensator . 

148. (NEW) A repeater as in claim 147, wherein the first and 
second amplifiers are erbium doped optical fiber amplifiers. 
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149. (NEW) A repeater as in claim 147, wherein the first 
dispersion compensator is a dispersion compensation fiber. 

150. (NEW) A repeater as in claim 147, wherein the first and 
second amplifiers have a combined gain so that the plurality of 
optical signals are output from the second amplifier at a power 
level sufficient to be received by a receiver downstream of the 
second amplifier. 

151. (NEW) An apparatus comprising: 

a first amplifier amplifying a plurality of optical signals, 
each having a different wavelength; 

a first dispersion compensator providing dispersion 
compensation to the amplified plurality of optical signals; 

a second amplifier amplifying the plurality of optical signals 
provided with dispersion compensation by the first dispersion 
compensator ; and 

an enclosure housing the first and second amplifiers and the 
dispersion compensator. 

152. (NEW) An apparatus as in claim 151, wherein the first 
and second amplifiers are erbium doped fiber amplifiers. 
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153. (NEW) An apparatus as in claim 151, wherein the first 
dispersion compensator is a dispersion compensation fiber. 

154. (NEW) An apparatus as in claim 151, wherein the first 
and second amplifiers have a combined gain so that the plurality of 
optical signals are output from the second amplifier at a power 
level sufficient to be received by a receiver downstream of the 
second amplifier. 

155. (NEW) An apparatus as in claim 152, wherein the first 
and second amplifiers have a combined gain so that the plurality of 
optical signals are output from the second amplifier at a power 
level sufficient to be received by a receiver downstream of the 
second amplifier. 

156. (NEW) An apparatus comprising: 

a dispersion compensator providing dispersion compensation to 
a plurality of optical signals, each having a different wavelength; 

a first amplifier positioned upstream of the dispersion 
compensator; and 

a second amplifier positioned downstream of the dispersion 
compensator, wherein a combined gain of the first and second 
amplifiers is sufficient to compensate a loss in the dispersion 
compensator and to produce the plurality of optical signals having 
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an output power for transmission downstream of the second 
amplifier. 

157. (NEW) An apparatus as in claim 156, wherein the 
dispersion compensator is a dispersion compensation fiber. 

158. (NEW) An apparatus as in claim 156, wherein the first 
and second amplifiers are erbium doped fiber amplifiers. 

159. (NEW) An apparatus as in claim 156, further comprising: 
an enclosure which houses the dispersion compensator and the 

second amplifier. 

160. (NEW) An optical transmission system comprising: 
a multiplexer wavelength-division-multiplexing a plurality of 

optical signals, each having a different wavelength, into a 

multiplexed optical signal, and providing the multiplexed optical 
signal to an optical fiber; 

an apparatus, optically coupled to the optical fiber, 
including 

a first amplifier amplifying the multiplexed optical 
signal provided to the optical fiber by the multiplexer, 

a dispersion compensator providing dispersion 

compensation to the amplified multiplexed optical signal, and 
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a second amplifier amplifying the multiplexed optical 
signal provided with dispersion compensation; and 

a demultiplexer wavelength-division- demultiplexing the 
multiplexed optical signal, as amplified by the second amplifier, 
into respective optical signals. 

161. (NEW) An optical transmission system as in claim 160, 
wherein a combined gain of the first and second amplifiers is 
sufficient to compensate a loss in the dispersion compensator and 
to produce the multiplexed optical signal having an output power 
for transmission downstream of the apparatus. 

162. (NEW) An optical transmission system comprising: 

an optical transmitter providing an optical signal to an 
optical fiber; 

an apparatus, optically coupled to the optical fiber, 
including 

a first amplifier amplifying the optical signal provided 
to the optical fiber by the optical transmitter, 

a first dispersion compensator providing dispersion 
compensation to the amplified optical signal, and 

a second amplifier amplifying the optical signal provided 
with dispersion compensation; and 

an optical receiver receiving the optical signal amplified by 
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the second amplifier. 



163 . 



(NEW) 



An optical transmission system as in claim 162, 



wherein the first and second amplifiers have a combined gain so 
that the optical signal is output from the second amplifier at a 
power level sufficient to be received by the receiver. 



It is respectfully requested that this Preliminary Amendment 
be entered in the above-referenced application. 

In view of the above, it is respectfully submitted that claims 
91-163 are currently pending. 

If any further fees are required in connection with the filing 
of this Preliminary Amendment, please charge same to our Deposit 
Account No. 19-3935. 



REMARKS 



Respectfully submitted, 



STAAS & HALSEY 




Paul I. Kravetz v. — y 
Registration No. 35,230 



700 Eleventh Street, N.W. 
Suite 500 

Washington, D.C. 20001 
(202) 434-1500 
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L TTTLE OF THE INVENTION 

OPTICAL WAVELENGTH MULTIPLEX TRANSMISSION METHOD 
AND OPTICAL DISPERSION COMPENSATION METHOD 

5 BACKGROUND OF THE INVENTION 
I. Field of the Invention 

This invention relates to an optical wavelength 
multiplex transmission method which uses a band around a 
zero dispersion wavelength of an optical fiber and an 

10 optical dispersion compensation method for compensating 
for waveform degradation by a synergetic effect 
(hereinafter referred to as SPM-GVD effect) of self 
phase modulation (SPM) and chromatic dispersion (group 
velocity dispersion: GVD) which is one of several 

15 restrictive factors to the transmission distance and the 
transmission rate in a long-haul, very high-speed 
optical communication system which employs, for example, 
an erbium-doped optical fiber amplifier (Erbium-Doped 
Fiber Amplifier, hereinafter referred to as EDFA). 

20 2. Description of the Related Art 

As a a remarkable increase of the amount of 
information proceeds in recent years, a communication 
system of a large capacity becomes required, and 
investigations for construction of large capacity 

25 communication systems are performed hard. 

For realization of a large capacity 
communication system, realization by an optical 
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communication system is considered most promising. At 
present, an optical amplifier multi-repeater system 
which employs EDFAs is being put into practical use 
together with, for example, a 2. 4 Gb/s optical 
communication system, and in the future, it is forecast 
that the amount of information increases progressively 
as the information-oriented trend advances. It is 
therefore demanded to built up an optical communication 
system of an increased capacity corresponding to such 
increase of the amount of information. 

Various methods are available to increase the 
capacity of an optical communication system, including a 
TDM ( t i me-d i v i s i on multiplexing) method which involves 
multiplexing on the time base in order to increase the 
transmission rate, and a WDM (wavelength-division 
multiplexing; wavelength-division multiplexing wherein 
the wavelength spacing is comparatively great is called 
WDM. and wa ve 1 engt h -d i v i s i on multiplexing which involves 
high concentration multiplexing is called FDM 
(frequency-division multiplexing)) method which .involves 
multiplexing on the optical wavelength base. 

Of the available methods, a multiplexing method 
like the TDM method requires an increase of speed of 
operation of electronic circuits in a transmitter and a 
receiver in order to increase the transmission rate. At 
present, several tens Gb/s is considered to be the limit 
to the speed of operation. 
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In contrast, with the WDM (FDM) method which 
makes use of the wide band property of an optical fiber, 
an increase of capacity to several tens to several 
hundreds Gb/s is possible by simultaneous exploitation 
of an increase of the transmission rate, and also the 
burden to electronic circuits is reduced since 
multiplexing and demultiplexing are performed simply in 
an optical region by means of an optical multiplexing 
apparatus and an optical demultiplexing apparatus 
(MUX/DEMUX) which employ optical couplers, optical 
filters and like elements. 

In the WDM (FDM) method which involves 
wavelength multiplexing on the optical frequency base, 
however, an available band is restricted from the gain 
band dependency of an optical amplifier or the 
wavelength dependency of an optical part. Accordingly, 
in order to achieve an increase in capacity by 
multiplexing, the channel spacing must necessarily be 
decreased to decrease the bandwidth indicated by all 
channels. Further.- in optical transmission of multi- 
Gigabits, the wavelength of an optical signal must 
necessarily be set in the proximity of a zero dispersion 
wavelength of an optical fiber since, otherwise, 
waveform degradation is caused by chromatic dispersion 
of the optical fiber. 

In an optical communication system to which the 
WDM (FDM) method is applied in order to achieve such an 
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increase in capacity as described above, however, if the 
channel spacing is decreased taking the bandwidth into 
consideration and optical signals are set in the 
proximity of a zero dispersion wavelength of the optical 
fiber taking the chromatic dispersion into 
consideration, an influence of a non-linear effect of 
the optical fiber, particularly of four wave mixing 
(hereinafter referred to as FWM). becomes significant, 
and there is a subject to be solved in that the 
transmission may be disabled by crosstalk from another 
channel by such FWM. A similar subject resides in 
another case wherein wavelength multiplex transmission 
must be performed in a band in the proximity of the zero 
dispersion wavelength in order to achieve, for example, 
upgrading of an existing transmission line. 

Meanwhile, as a factor of degradation of the 
transmission characteristic in the optical amplifier 
mul t i -repeater WDM method which particularly makes use 
of a band in the proximity of a zero dispersion 
wavelength of an optical fiber, crosstalk by FWM 
mentioned above is pointed out. The occurrence 
efficiency of such FWM depends upon the relationship 
between the zero dispersion wavelength of the optical 
fiber transmission line and the arrangement of channels. 

Three characteristics including 1. a zero 
dispersion wavelength. 2. a deviation in zero dispersion 
wavelength and 3. a dispersion slope (second-order 
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1 dispersion) are listed as required characteristics for 
an optical fiber in the WDM method. Those 
characteristics are closely related to five factors 
including a. a wavelength multiplexing signal bandwidth, 
5 b. a gain bandwidth of the EDFA among various optical 

amplifiers, c. a guard band for suppressing FWM to which 
the present invention is directed, d. a limitation 
bandwidth by an SPM-GVD effect, and e. presence or 
absence of an inserted optical dispersion compensator. 

10 By the way, as factors which restrict an 

increase in distance and an increase in speed of an 
optical communication system, there are limitation of 
the loss by an optical fiber loss and bandwidth 
limitation by chromatic dispersion. The loss limitation 

15 has been almost solved by realization of EDFAs, and it 
is possible to build up a very long-haul optical 
communication system for several thousands km or more. 

However, the repeater span in a multi-repeater 
optical amplification system is restricted principally 

20 by two factors including 1. optical SNR (signal. to noise 
ratio) degradation caused by accumulation of ASE 
(spontaneous emission) from optical amplif ier^repeaters, 
and 2. waveform degradation by an SPM-GVD effect caused 
by a Kerr effect. 

2 ^ It is already known that, of the two factors, 

the waveform degradation by an SPD-GVD effect can be 
compensated for using an optical dispersion compensator 
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having a dispersion value of the opposite positive or 
negative sign to that of the optical fiber transmission 
line, and the waveform degradation by an SPM-GVD effect 
and a dispersion compensation effect can be simulated 
readily by solving a non-linear Schroedinger equation 
using the split-step Fourier method. 

An optical dispersion compensator used for the 
object described above is required to cope with a 
dispersion amount of an optical fiber of a corresponding 
repeater section and to allow reduction of the number of 
steps and of the time necessary to realize an optimum 
dispersion compensation amount and reduction of the 
cost. Further, the optical dispersion compensation 
technique is important not only for a 1.55 fim dispersion 
shifted fiber (hereinafter referred to as DSF) 
transmission line network being laid at present but also 
for a long-haul, very high-speed optical communication 
system and an optical communication system of the WDM 
(FDM) method which make use of an existing 1.3 am zero 
dispersion single mode fiber (hereinafter referred to as 
SMF) transmission line network. 

In a very long-haul optical communication system 
for several thousands km or more, it is considered 
desirable to use the zero dispersion wavelength Xa of 
the optical fiber transmission line in order to prevent 
the dispersion penalty and to use the ordinary 
dispersion region (dispersion value D < 0) of the 
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optical fiber in order to minimize the non-linear 
effect. In order to satisfy the two contradictory 
requirements, a countermeasure has been proposed which 
makes use of the ordinary dispersion region for the 
transmission line and employs an optical dispersion 
compensator to reduce the apparent dispersion value 
equal to zero. The optical dispersion compensation 
technique is effective not only for DSF transmission but 
also for SMF transmission having a high dispersion value 
of approximately 18 ps/nm/km. 

Various types of optical dispersion compensators 
have been proposed including dispersion compensating 
fiber type optical dispersion compensators, transversal 
filter type optical dispersion compensators and optical 
resonator type optical dispersion compensators. At 
present, a dispersion compensating fiber is considered 
promising from its advantage in that the dispersion 
compensation amount can be adjusted readily by varying 
the length of the fiber, and dispersion values higher 
than -100 ps/(nm«km) have been obtained by contriving 
the profile of the core. 

The zero dispersion wavelength of an actual 
optical fiber transmission line presents a deviation in 
a longitudinal direction. Further, in an optical 
communication system on land, since it is difficult to 
set the repeater span fixed as in a submarine optical 
communication system, the dispersion amount is not 
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1 always fixed among different repeater sections. 

Therefore, ideally an optical dispersion compensator 
having an optimum dispersion compensation amount is 
inserted into each repeater section after an actual 

5 dispersion amount Is measured for the repeater section. 
However, there is a subject in that such operation 
requires a great number of steps of operation, long time 
and a high cost to realize optimum optical dispersion 
compensators including measurement of dispersion 
1 0 amounts. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to 
provide an optical wavelength multiplex transmission 
15 method wherein, where a band in the proximity of a zero 
dispersion wavelength of an optical fiber is used, 
optical signals are disposed at efficient channel 
spacmgs taking an influence of the band, the chromatic 
dispersion and the FWM into consideration to realize an 
20 optical communication system of an increased capacity 
which is not influenced by crosstalk by FWM. 

It is another object of the present invention to 
provide an optical wavelength multiplex transmission 
method wherein the relationship between characteristics 
25 required for an optical fiber, particularly, the zero- 
dispersion wavelength and the deviation in zero- 
dispersion wavelength, and five specific factors related 
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to the characteristics is raade clear to allow 
establishment of channel arrangement of and transmission 
line designing for signal light by an optical amplifier 
multi-repeater WDM method. 

It is a further object of the present .invention 
to provide an optical dispersion compensation method by 
which waveform degradation by an SPM-GVD effect can be 
compensated for readily without designing or producing 
optical dispersion compensators suitable for individual 
transmission lines and dispersion compensation can be 
performed effectively even when the optical power is not 
so high that SPM (self phase modulation) does not take 
place very much but only waveform degradation is caused 
by chromatic dispersion (GVD). thereby to reduce the 
number of steps and the time required to build up an 
optical communication system and to achieve reduction of 
the cost. 

In order to attain the objects described above, 
according to an aspect of the present invention, there 
is provided an optical wavelength multiplex transmission 
method for multiplexing signal light waves of a 
plurality of channels having different wavelengths and 
transmitting the multiplexed signal light using an 
optical fiber, wherein a four wave mixing suppressing 
guard band of a predetermined bandwidth including a 
zero-dispersion wavelength of the optical fiber is set. 
and the signal light waves of the plurality of channels 
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to be multiplexed are arranged on one of a shorter 
wavelength side and a longer wavelength side outside the 
guard band. 

In the optical wavelength multiplex transmission 
method, when signal light waves of a plurality of 
channels having different wavelengths are multiplexed 
and transmitted using an optical fiber, since the signal 
light waves of the plurality of channels to be 
multiplexed are arranged on one of the shorter 
wavelength side and the longer wavelength side outside 
the four wave mixing suppressing guard band of the 
predetermined bandwidth including the zero-dispersion 
wavelength of the optical fiber, otherwise possible four 
wave mixing is suppressed, and consequently, an 
influence from another channel by crosstalk is 
suppressed. 

According to another aspect of the present 
invention, there is provided an optical wavelength 
multiplex transmission method for multiplexing signal 
light waves of a plurality of channels having different 
wavelengths and transmitting the multiplexed signal 
light using an optical fiber, wherein a four wave mixing 
suppressing guard band of a predetermined bandwidth 
including a zero-d i spers i on wavelength of the optical 
fiber is set. and the signal light waves of the 
plurality of channels to be multiplexed are arranged on 
the opposite sides of a shorter wavelength side and a 
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longer wavelength side outside the guard band. 

In the optical wavelength multiplex transmission 
method, since signal light waves of a plurality of 
channels to be multiplexed are arranged on the opposite 
sides of the shorter wavelength side and the longer 
wavelength side outside the four wave mixing suppressing 
guard band, otherwise possible four wave mixing is 
suppressed, and consequently, an influence from another 
channel by crosstalk is suppressed and efficient 
utilization of the band can be achieved simultaneously. 

The bandwidths of the guard bands may be set in 
an asymmetrical relationship on the shorter wavelength 
side and the longer wavelength side with respect to the 
t ,ro-dispersion wavelength of the optical fiber. In 
this instance, the channel spacings between adjacent 
ones of the signal light waves of the plurality of 
channels may be set different on the shorter wavelength 
side and the longer wavelength side outside the guard 
band. Due to the channel spacings thus set. four wave 
mixing light produced between a signal light wave on the 
shorter wavelength side and another signal light wave on 
the longer wavelength side is prevented from coinciding 
with any of the wavelengths of the signal light waves. 

Alternatively, the channel spacings between 
adjacent ones of the signal light waves of the plurality 
of channels on each of the shorter wavelength side and 
the longer wavelength side outside the guard band may be 
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set to an integral number of times a constant. Due to 
the channel spacings thus set, in addition to the 
advantage that an influence from another channel by 
crosstalk is suppressed, the channels on the shorter 
wavelength side and the longer wavelength side outside 
the guard band can be controlled using Fabry-Perot 
interferometers of a same characteristic. In this 
instance, preferably the channel spacings between the 
channels of the signal light waves of the plurality of 
channels on the opposite sides of the guard band are set 
to the integral number of times the constant. Due to 
the channel spacings thus set. the channels on the 
opposite sides of the shorter wavelength side and the 
longer wavelength side outside the guard band can be 
controlled simultaneously using a single Fabry-Perot 
interferometer of a same characteristic. Or else, the 
signal light waves of the channels may be arranged such 
that the signal light waves of no pair or only one pair 
of ones of the channels have dispersion values which 
have an equal absolute value. The arrangement further 
suppresses four wave mixing so that an influence from 
another channel by crosstalk can be further suppressed. 

With the optical wavelength multiplex 
transmission methods described above, the following 
effects or advantages can be anticipated. 

First, an influence of four wave mixing can be 
suppressed and the band can be utilized efficiently by 
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1 arranging signal light waves efficiently, an optical 

communication system of a large capacity can be realized 
while maintaining high transmission quality. 

Second, even when a zero-dispersion wavelength 
5 is positioned within a band of an optical amplifier or 

within a band of an optical part, signal light waves can 
be arranged efficiently and compactly while suppressing 
an effect of four wave mixing within the limited band. 
Third. S ince the channel spacings on the 
10 transmission side can be controlled by means of a single 
or a pair of Fabry-Perot interferometers and an - 
interferometer of the same characteristic to that of the 
interferometers on the transmission side can be used 
also on the reception side, control on the transmission 
15 side can be simplified and selective reception is 
f ac i 1 i ta ted. 

According to a further aspect of the present 
invention, there is provided an optical wavelength 
multiplex transmission method for multiplexing signal 
20 light waves of a plurality of channels having different 
wavelengths and transmitting the multiplexed signal 
light using an optical fiber, wherein, taking a zero- 
dispersion wavelength Xa of the optical fiber and a 
zero-dispersion wavelength deviation range ±AXa of the 

2 5 

optical fiber in its longitudinal direction into 
consideration, the signal light waves of the plurality 
of channels to be multiplexed are arranged on a shorter 
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wavelength s 1 d e than a 



shorter wavelength end Xa - AXa 



of the zero-dispers ion 



wavelength deviation range of the 



optical fiber. 



In the optical 



wavelength multiplex transmission 



method, when signal li 



ght waves of a plurality of 



channels having different wavelengths are multiplexed 
and transmitted using an optical fiber, since the signal 
light waves of the plurality of channels to be 
multiplexed are arranged on the shorter wavelength side 



dispersion wavelength deviation range of the optical 
fiber, the zero-dispersion wavelength deviation in the 
longitudinal direction of the optical fiber is taken 
into consideration and controlled on the shorter 
wavelength side of the zero-dispersion wavelength. 



may be provided on the shorter wavelength side than the 
shorter wavelength end Xa - AXa of the zero-dispersion 
wavelength deviation range of the optical fiber, and the 
signal light waves of the plurality of channels .may be 
arranged on a shorter wavelength side than a wavelength 
Xa - AXa - AXg. In this instance, since the signal 
light wave of the plurality of channels are arranged on 
the shorter wavelength side than the wavelength Xa - AXa 
- AXg taking the four wave mixing suppressing guard band 
AXg taken into consideration, the zero-dispersion 
wavelength deviation in the longitudinal direction of 
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than the shorter wavelength end 



Xa - AXe of the zero- 



A four wave mixing suppressing guard band AXg 



( 



r 



- 15 - 

the optical fiber is taken into consideration and 
controlled on the shorter wavelength side of the zero- 
dLspersion wavelength, and simultaneously, an influence 
from another channel by crosstalk is suppressed. 

According to a still further aspect of the 
present invention, there is provided, an optical 
wavelength multiplex transmission method for 
multiplexing signal light waves of 3 plurality of 
channels having different wavelengths and transmitting 
the multiplexed signal light using an optical fiber, 
wherein, taking a zero-dispersion wavelength Ae of the 
optical fiber and a zero-dispersion wavelength deviation 
range ±AXa of the optical fiber in its longitudinal 
direction into consideration, the signal light waves of 
the plurality of channels to be multiplexed are arranged 
on a longer wavelength side than a longer wavelength end 
Aa + AXa of the zero-dispersion wavelength deviation 
range of the optical fiber. 

In the optical wavelength multiplex transmission 
method, when signal light waves of a plurality of 
channels having different wavelengths are multiplexed 
and transmitted using an optical fiber, since the signal 
light waves of the plurality of channels to be 
multiplexed are arranged on the longer wavelength side 
than the longer wavelength end Aa + AAa of the zero- 
dispersion wavelength deviation range of the optical 
fiber, the zero-dispersion wavelength deviation in the 
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1 longitudinal direction of the optical fiber is taken 
into consideration and controlled on the longer 
wavelength side of the zero-dispersion wavelength. 

A four wave mixing suppressing guard band AAg 
5 may be provided on the longer wavelength side than the 
longer wavelength end Aa + AXa of the zero-dispersion 
wavelength deviation range of the optical fiber, and the 
signal light waves of the plurality of channels may be 
arranged on a longer wavelength side than a wavelength 
10 A3 + AAa + AXg Due to the provision of the four wave 

mixing suppressing guard band AXg and the arrangement of 
the signal light waves, the zero-dispersion wavelength 
deviation in the longitudinal direction of the optical 
fiber is taken into consideration and controlled on the 
longer wavelength side of the zero-dispersion 
wavelength, and simultaneously, an influence of another 
channel by crosstalk is suppressed. 

The signal light waves of the plurality of 
channels may be arranged within a transmissible band 
defined by an allowable dispersion value determined from 
a synergetic effect of self phase modulation and group 
velocity dispersion in the optical fiber. Where the 
signal light waves are arranged in this manner, they can 
be arranged taking wavelength degradation by an SPM-GVD 
effect into consideration. Further, although SPM does 
not take place very much and only waveform degradation 
by chromatic dispersion (GVD) occurs when the optical 
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power is not very high, the signal light arrangement can 
be performed also taking such waveform degradation into 
considerati on. 

The signal light waves of the plurality of 
channels may be arranged outside the transmissible band 
defined by the allowable dispersion value determined 
from the synergetic effect of self phase modulation and 
group velocity dispersion in the optical fiber, and the 
zero dispersion wavelength Xa of the optical fiber may 
be apparently shifted using an optical dispersion 
compensator to apparently arrange the signal light waves 
of the plurality of channels into the transmissible 
band. Due to the arrangement of the signal light waves 
and the shift of the zero dispersion wavelength Xb , the 
signal light waves can be arranged taking waveform 
degradation by an SPM-GVD effect into consideration. 

The optical wavelength multiplex transmission 
method may be constructed such that, taking a dispersion 
compensation amount deviation range ±5Xdc of the optical 
dispersion compensator into consideration, a band AXu d n 
within which the signal light waves of the plurality of 
channels are to be arranged is set expanding the same by 
the dispersion compensation amount deviation range SXdc 
on the opposite sides of the longer wavelength side and 
the shorter wavelength side. Due to the band AXy o n thus 
set, the signal light waves can be arranged taking the 
dispersion compensation amount deviation of the optical 
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1 dispersion compensator into consideration 

The signal light waves of the plurality of 
channels may be arranged in a gain band of an optical 
amplifier connected to the optical fiber. Due to the 
5 arrangement of the signal light waves, the powers of the 
signal light waves can be made equal to each other and 
also the receive characteristics of the signal light 
waves can be ma-'e equal to each other. 

A band AXw d tt within which the signal light waves 
10 of the plurality of channels are to be arranged may be 
set expanding the same- in accordance with optical 
wavelength variations of the signal light waves of the 
plurality of channels. Due to the band AAu d n thus set. 
the productivity of light sources of the signal light 
15 waves and the variation of each signal light wave by the 
wavelength control accuracy are taken into 
cons i dera t i on. 

With the optical wavelength multiplex 
transmission methods described above, the following 
20 effects or advantages can be anticipated. 

First, in a wavelength division multiplexing 
method which makes use of a band in the proximity of the 
zero -d i spers i on wavelength Xa of the optical fiber, the 
signal light waves of the individual channels can be 
25 arranged without being influenced by four wave mixing. 

and simultaneously, required characteristics regarding 
the zero-dispersion wavelength Xa for an optical fiber 
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transmission line to be laid can be made clear. 
Consequently, channel arrangement of and transmission 
line designing for signal light by an optical amplifier 
multi-repeater WDM method can be established. 

Second, the zero-dispersion wavelength deviation 
in the longitudinal direction of the optical fiber is 
taken into consideration and controlled, and 
simultaneously, an influence of four wave mixing is 
suppressed so that an influence from another channel by 
crosstalk is suppressed. Consequently, a high degree of 
transmission accuracy can be maintained. 

Third, signal light waves can be arranged taking 
waveform degradation by an SPM-GVD effect into 
consideration, and where the signal light waves of 
different channels are arranged in the gain bandwidth 
AXedfo of the EDFA. the powers of the signal light waves 
can be made equal to each other and the receive 
characteristics of the signal light waves can be made 
equal to each other. 

Fourth, where a signal light band is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the channels, 
the variations of the signal light waves arising from 
the productivity and/or the wavelength control accuracy 
of light sources of the signal light waves such as 
semiconductor lasers are taken into consideration, and 
where an optical dispersion compensator is employed, by 
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1 setting the signal light band expanding the same by a 
dispersion compensation amount deviation range on the 
opposite sides of the shorter wavelength side and the 
longer wavelength side, also the dispersion compensation 
5 amount deviation of the optical dispersion compensator 
is taken into consideration. Consequently, optical 
transmission of higher reliability can be achieved. 

According to a yet further aspect of the present 
invention, there is provided an optical dispersion 

10 compensation method for compensating for a dispersion 

amount of an optical transmission system which includes 
a transmitter, a repeater and a receiver and transmits 
signal light from the transmitter to the receiver by way 
of the repeater, comprising the steps of preparing in 

15 advance two kinds of optical dispersion compensator 
units having dispersion amounts having different 
positive and negative signs, inserting the two kinds of 
optical dispersion compensator units separately into the 
optical transmission system, and selecting one of the 

20 two kinds of optical dispersion compensator units which 
provides a better transmission characteristic to the 
optical transmission system and incorporating the 
selected optical dispersion compensator unit into the 
optical transmission system. 

25 In the optical dispersion compensation method. 

since two kinds of optical dispersion compensator units 
having dispersion amounts having different positive and 
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1 negative signs are prepared in advance and inserted 

separately into an optical transmission system to select 
one of the two kinds of optical dispersion compensator 
units which provides a better transmission 
5 characteristic to the optical transmission system, the 

dispersion amount of the optical transmission system can 
be compensated for simply when an accurate dispersion 
amount cannot be measured but the zero-dispersion 
wavelength deviation can be grasped to some degree. 
10 According to a yet further aspect of the present 

invention, there is provided an optical dispersion 
compensation method for compensating for a dispersion 
amount of an optical transmission system which includes 
a transmitter, a repeater and a receiver and transmits 
15 signal light from the transmitter to the receiver by way 
of the repeater, comprising the steps of preparing in 
advance two kinds of optical dispersion compensator 
units having dispersion amounts having different 
positive and negative signs, measuring a dispersion 
amount of the optical transmission system, and selecting 
one of the two kinds of optical dispersion compensator 
units which has a dispersion amount whose sign is 
opposite to that of a measured dispersion amount and 
incorporating the selected optical dispersion 
compensator unit into the optical transmission system. 

In the optical dispersion compensation method, 
since two kinds of optical dispersion compensator units 



20 



25 



( 



r 



- 22 - 

1 having dispersion amounts having different positive and 
negative signs are prepared in advance and, when the 
dispersion amount of an optical transmission system can 
be measured, the dispersion amount is measured and then 
5 one of the two kinds of optical dispersion compensator 
units which has a dispersion value whose sign is 
opposite to that of a thus measured dispersion value is 
selected, the dispersion amount of the optical 
transmission system can be compensated for further 

10 reliably. 

According to a yet further aspect' of the present 
invention, there is provided an optical dispersion 
compensation method for compensating for a dispersion 
amount of an optical transmission system which includes 

15 a transmitter, a repeater and a receiver and transmits 

signal light from the transmitter to the receiver by way 
of the repeater, comprising the steps of preparing in 
advance a plurality of kinds of optical dispersion 
compensator units having different dispersion amounts 

20 having different positive and negative signs. 

selectively inserting the plurality of kinds of optical 
dispersion compensator units into the optical 
transmission system changing the installation number and 
the combination of the optical dispersion compensator 

25 units, and selecting an installation number and a 

combination of the optical dispersion compensator units 
from within the plurality of kinds of optical dispersion 
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compensator units which provide a good transmission 
characteristic to the optical transmission system and 
incorporating the optical dispersion compensator units 
of the selected installation number and combination into 
the optical transmission system. 

In the optical dispersion compensation method, 
since a plurality of kinds of optical dispersion 
compensator units having different dispersion amounts 
having different positive and negative signs are 
prepared in advance and selectively inserted into an 
optical transmission system changing the installation 
number and the combination of the optical dispersion 
compensator units and then an installation number and a 
combination of the optical dispersion compensator units 
which provide a good transmission characteristic to the 
optical transmission system are selected from within the 
plurality of kinds of optical dispersion compensator 
units, the dispersion amount of the optical transmission 
system can be compensated for simply and optimally when 
the zero-dispersion wavelength deviation is unknown or 
the zero- d i spers i on wavelength and the wavelengths of 
the signal light waves are displaced by great amounts 
from each other. 

According to a yet further aspect of the present 
invention, there is provided an optical dispersion 
compensation method for compensating for a dispersion 
amount of an optical transmission system which includes 



- 24 - 

a transmitter, a repeater and a receiver and transmits 
signal light from the transmitter to the receiver by way 
of the repeater, comprising the steps of preparing in 
advance a plurality of kinds of optical dispersion 
compensator units having different dispersion amounts 
having different positive and negative signs, measuring 
a dispersion amount of the optical transmission system, 
and selecting an installation number and a combination 
of the optical dispersion compensator units from within 
the plurality of kinds of optical dispersion compensator 
units, with which dispersion values of the signal light 
waves fall within a transmissible dispersion value 
range, in accordance with a measured dispersion value 
and incorporating the optical dispersion compensator 
units of the selected installation number and 
combination into the optical transmission system. 

In the optical dispersion compensation method, 
since a plurality of kinds of optical dispersion 
compensator units having different dispersion amounts 
having different positive and negative signs are 
prepared in advance and. when the dispersion amount of 
an optical transmission system can be measured, the 
dispersion amount is measured and then an optimum 
installation number and an optimum combination of such 
optical dispersion compensator units are selected in 
accordance with a thus measured dispersion amount, the 
dispersion amount of the optical transmission system can 
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1 be compensated for so that it may fall within an 
allowable dispersion value range with certainty. 

The optical dispersion compensator units may be 
additionally incorporated into at least one of the 
5 transmitter, the repeater and the receiver of the 

optical transmission system to incorporate the optical 
dispersion compensator u its into the optical 
transmission system. 

When the optical transmission system performs 

10 optical wavelength multiplex transmission to multiplex 
and transmit signal light waves of a plurality of 
channels having different wavelengths, the signal light 
waves may be demultiplexed for each one wave by 
wavelength demultiplexing and the optical dispersion 

15 compensator units may be provided for the individual 

channels of the signal light waves of the wavelengths in 
the optical transmission system, or the signal light 
waves may be demultiplexed for each plurality of waves 
and the optical dispersion compensator units may be 

20 provided for the individual channel groups each 

including a plurality of signal light waves in the 
optical transmission system, or else the optical 
dispersion compensator units may be provided for all of 
the signal light waves of the plurality of channels in 

^ D the optical transmission system. 

Each of the optical dispersion compensator units 
may be additionally provided with an optical amplifier 
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1 for compensating for an optical loss of the optical 
dispersion compensator unit. Due to the additional 
provision of the optical amplifier, the optical loss of 
each optical dispersion compensator unit can be 
5 compensated for. In this instance, a pair of optical 
amplifiers may be additionally provided at a preceding 
stage and a next stage to each of the optical dispersion 
compensator units. Due to the additional provision of 
the optical amplifiers, the noise figure (hereinafter 

10 referred to as simply NF) of the optical amplifier at 
the preceding stage can be set low. 

The optical dispersion compensator units may be 
constructed as a package wherein they are mounte- on a 
circuit board so that the optical dispersion compensator 

15 units may be replaced or incorporated in units of a 
package. Due to the construction of the optical 
dispersion compensator units, the dispersion 
compensation amount can be varied readily. 

According to a yet further aspect of the present 

20 invention, there is provided an optical dispersion 

compensation method for compensating for a dispersion 
amount of an optical transmission system which includes 
a transmitter, a repeater and a receiver and transmits 
signal light from the transmitter to the receiver by way 

25 of the repeater, comprising the steps of incorporating, 
in advance into at least one of the transmitter, the 
repeater and the receiver of the optical transmission 
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I system, a plura 1 l ty of kinds of optical dispersion 

compensator units having different dispersion amounts 
having different positive and negative signs in such a 
connected condition as to allow switching of a selective 
5 combination of the optical dispersion compensator units 
by means of switching means, and operating the switching 
means to select a suitable combination of the optical 
dispersion compensator units from within the plurality 
of types of optical dispersion compensator units and 
10 incorporating the optical dispersion compensator units 
of the selected combination into the optical 
transmission system. 

In the optical dispersion compensation method, 
since a plurality of kinds of optical dispersion 
15 compensator units having different dispersion amounts 
having different positive and negative signs are 
incorporated in advance in at least one of a 
transmitter, a repeater and a receiver of an optical 
transmission system in such a connected condition as to 
allow switching of a selective combination of the 
optical dispersion compensator units by means of 
switching means, a suitable combination of the optical 
dispersion compensator units can be selected from within 
the plurality of types of optical dispersion compensator 
u n i t s . 

The switching means may be operated in response 
to a control signal from the outside. In this instance, 
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the optical dispersion compensation method may be 
constructed such that the switching means is operated in 
response to a control signal from the receiver to switch 
the combination of the optical dispersion compensator 
units while a transmission characteristic of the optical 
transmission system is measured simultaneously by the 
receiver to determine a combination of the optical 
dispersion compensator units which provides an optimum 
transmission characteristic to the optical transmission 
system, and the switching means is operated in response 
to another control signal from the receiver to Switch 
the combination of the optical dispersion compensator 
units to the determined combination which provides the 
optimum transmission characteristic to the optical 
transmission system. The switching means may include a 
mechanical switch or an optical switch. 

With the optical dispersion compensation methods 
described above, the following effect or advantage can 
be achieved. In particular, waveform deterioration by 
an SPH-GVD effect and/or the dispersion amount of a 
guard band can be compensated for readily without 
designing or producing optical dispersion compensators 
suitable for individual transmission lines, and 
reduction of the number of steps and the time required 
to build up an optical communication system can be 
real 1 zed. 

Further objects, features and advantages of the 
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present invention will become apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings in which like parts or 
elements are denoted by like reference characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic view illustrating the 
arrangement of signal light waves of a plurality of 
channels according to an optical wavelength multiplex 
transmission method of a first preferred embodiment of 
the present invention; 

FIG. 2 is a block diagram showing the 
construction of an optical WDM distribution transmission 
system to which the optical wavelength multiplex 
transmission method of the first embodiment of the 
present invention is applied; 

FIGS. 3 and 4 are diagrams illustrating 
operation of the first embodiment of the present 
invention; 

FIG. 5 is a diagrammatic view illustrating the 
arrangement of signal light waves of a plurality of 
channels according to an optical wavelength multiplex 
transmission method of a second preferred embodiment of 
the present invention; 

FIG. 6 is a similar view but illustrating the 
arrangement of signal light waves of a plurality of 
channels according to an optical wavelength multiplex 
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1 transmission method of a third preferred embodiment of 
the present invention: 

FIG. 7 is a diagram illustrating operation of 
the third embodiment of the present invention; 
5 FIG. 8 is a diagrammatic view illustrating the 

arrangement of signal light waves of a plurality of 
channels according to an optical wavelength multiplex 
transmission method of a fourth preferred embodiment of 
the present invention; 

10 FIG. 9 is a similar view but illustrating the 

arrangement of signal light waves of a plurality of 
channels according to an optical wavelength multiplex 
transmission method of a* fifth preferred embodiment of 
the present invention: 

15 FIG. 10 is a similar view but illustrating the 

arrangement of signal light waves of a plurality of 
channels according to an optical wavelength multiplex 
transmission method of a sixth preferred embodiment of 
the present invention; 

20 FIGS. 11 and 12 are diagrams illustrating 

operation of the sixth embodiment of the present 
invention; 

FIG. 13 is a diagrammatic view illustrating the 
arrangement of signal light waves of a plurality of 
25 channels according to an optical wavelength multiplex 

transmission method of a seventh preferred embodiment of 
the present invention: 
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FIG. 14 is a similar view but illustrating a 
modification to the arrangement of signal light waves 
illustrated in FIG. 13; 

FIG. 15 is a block diagram showing the 
construction of a regenerative repeater system to which 
the optical wavelength multiplex transmission method of 
the seventh embodiment of the present invention is 
applied; 

FIG. 16 is a graph showing an ASE spectrum of a 
gain distribution of an EDFA after connection of EDFAs 
at .four stages and illustrating a gain band of the EDFA; 

FIG. 17 is a diagram illustrating the 
arrangement of an FWM suppressing guard band and 
channels ; 

FIG. 18 is a graph illustrating the relationship 
between a dispersion value of the channel 1 and 
crosstalk: 

FIG. 19 is a graph illustrating the relationship 
between the optical fiber input power and the 
regenerative repeater span: 

FIG. 20 is a graph illustrating the signal light 
wavelength dependency of the FWM occurrence efficiency: 

FIG. 21 is a graph illustrating the relationship 
between the channel spacing and a guard band: 

FIG. 22 is a graph illustrating the relationship 
of the zero-dispersion wavelength and the dispersion 
compensation amount to the zero-dispersion wavelength 
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deviation in the seventh embodiment of the present 
invention: 

FIG. 23 is a diagram illustrating the 
arrangement of signal light waves of a plurality of 
channels according to an optical wavelength multiplex 
transmission method of an eighth preferred embodiment of 
the present invention; 

FIG. 24 is a similar view but illustrating a 
modification to the arrangement of signal light waves 
illustrated in FIG. 23: 

FIG. 25 is a graph illustrating the relationship 
of the zero-dispersion wavelength and the dispersion 
compensation amount to the zero-dispersion wavelength 
deviation in the eighth embodiment of the present 
invention: 

FIG. 26 is a block diagram showing an optical 
dispersion compensation system to which an optical 
dispersion compensation method of a ninth preferred 
embodiment of the present invention is applied: 

FIG. 27 is a block diagram showing an optical 
dispersion compensation system to which an optical 
dispersion compensation method of a tenth preferred 
embodiment of the present invention is applied: 

FIG. 28 is a block diagram showing an optical 
dispersion compensation system to which an optical 
dispersion compensation method of an eleventh preferred 
embodiment of the present invention is applied: 
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FIG. 


29 


is a block 


diagram showing a 


modi f ication 


to 


the optical 


dispersion compensation 


system shown 


l n 


FIG. 28: 




FIG. 


30 


is a block 


diagram showing another 


modification 


to 


the optical 


dispersion compensation 


system shown 


i n 


FIG. 28; 




FIG. 


31 


is a block 


diagram showing an optical 


dispersion compensation system to which an optical 


dispersion compensation method of a twelfth preferred 


embodiment of 


the present invention is applied; 


FIG. 


32 


is a block 


diagram showing a 


modification 


to 


the optical 


dispersion compensation 


s ys tern shown 


l n 


FIG. Sli- 




FIG. 


33 


is a block 


diagram showing another 


mod 1 f 1 cat i on 


to 


the optical 


dispersion compensation 


system shown 


i n 


FIG. 31: 




FIG. 


34 


is a block 


diagram showing an optical 



dispersion compensation system to which an optical 
dispersion compensation method of a thirteenth preferred 
embodiment of the present invention is applied;- 

FIG. 35 is a block diagram showing a 
modification to the optical dispersion compensation 
system shown in FIG. 34; 

FIG. 36 is a block diagram showing another 
modification to the optical dispersion compensation 
system shown in FIG. 34; 

FIG. 37 is a block diagram showing an optical 
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i dispersion compensation system to which an optical 

dispersion compensation method of a fourteenth preferred 
embodiment of the present invention is applied; 

FIGS, 38(a) and 38(b) are block diagrams showing 
5 a modification to the optical dispersion compensation 
system shown in FIG. 37; 

FIG. 39 is a block diagram showing another 
modification to the optical dispersion compensation 
system shown in FIG. 37; 
10 FIG. 40 is a schematic illustration showing an 

exemplary construction of a package according to the 
modified optical dispersion compensation system shown in 
FIG. 39; 

FIG. 41 is a block diagram showing an optical 
15 dispersion compensation system to which an optical 

dispersion compensation method of a fifteenth preferred 
embodiment of the present invention is applied; 

FIG. 42 is a block diagram showing an adaptation 
of the optical dispersion compensation system shown in 
20 FIG. 41 : and 

FIG. 43 is a block diagram showing another 
adaptation to the optical dispersion compensation system 
shown in FIG. 41. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



A. First Embodiment 

FIGS. 1 to 4 illustrate an optical wavelength 
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multiplex transmission method according to a first 
preferred embodiment of the present invention. 

First, an optical WDM distribution transmission 
system to which the optical wavelength multiplex 
transmission method of the present embodiment is applied 
will be described. Referring to FIG. 2, the optical WDM 
distribution transmission system shown includes a 
transmission circuit 1 which multiplexes signals from a 
plurality of channels into signal light waves having 
different frequencies or wavelengths in a high density. 

The transmission circuit 1 includes a laser 
diode (LD-1 to LD-n) la provided for each of the 
channels CH-1 to CH-n. and a wave combiner lb for 
receiving signal light waves from the laser diodes la of 
the channels and multiplexing the received signal light 
waves. 

The optical WDM distribution transmission system 
further includes an optical fiber 2 for transmitting 
multiplexed signal light waves from the transmission 
circuit 1. a distributor 3 for distributing a signal 
from the optical fiber 2 among different channels, and a 
reception circuit 4 provided for each of the channels 
CH-i (i = 1 to n) for receiving signal light of a 
frequency or wavelength allocated to the channel. Each 
of the reception circuits 4 includes an optical filter 
4a for extracting and outputting a corresponding signal 
frcim multiplexed signal light, a control circuit 4b for 
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controlling the optical filter 4a. and a detector 4c fo 
detecting signal light from the optical filter 4a. 

By the way. FWM as a non-linear effect of the 
optical fiber 2 is a phenomenon which is produced by 
optical frequency mixing between different signal light 
waves having different frequencies or wavelengths from 
each other when the signal light waves are multiplexed 
and inputted to the optical fiber 2 using a band in the 
proximity of the zero-dispersion wavelength of the 
optical fiber 2. and makes a factor of crosstalk from 
another channel and degrades the signal transmission 
characteristic. 

The FWM which is -a non-linear effect of the 
optical fiber 2 has a most significant influence upon 
optical WDM (FDM) transmission which employs a band in 
the proximity of the zero-dispersion wavelength of the 
optical fiber 2. In order to give a more detailed 
description of the FWM, a system design which must be 
performed taking an influence of the FWM into 
consideration, particularly, the channel spacing.; the 
channel arrangement and the input power, will be 
descr i bed be 1 ow. 

For example, when signal light waves of 
frequencies fi to fn (wavelengths Xi to Xn ) are 
inputted, a fourth light wave of a frequency f i j k 
(wavelength Xi j k ; l * k. j * k) is generated from 
arbitrary three waves fi . fj and fk (wavelengths Xi . Xj 
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and Xk ) of the signal light waves in accordance with the 
third-order non-linear susceptibility xt i i i of the 
optical fiber 2 . and makes an FWM wave. The FWM wave of 
the frequency f i j k (frequency Xi j k ) appears at the 
position of an optical frequency which satisfies the 
following equation (1). and when the number of channels 
is great with an equal frequency spacing, several FWM 
waves appear at the positions of the frequencies f i j k 
(wavelengths X i j k ) according to combinations of i, j and 
k and are superimposed on signal light waves. 
Consequently, the crosstalk is further degraded. 

fijk = fi + fj " fk (Xijk = A i + Xj - Xk ) (1) 

Meanwhile, the frequency fijk (wavelength Xi j k ) 
exhibits a high occurrence efficiency in the proximity 
of the zero-dispersion wavelength, and the efficiency is 
varied by the phase relationship among the frequencies 
f i . fj. fk and fijk (wavelengths Xi. Xj. Xk andXijk). 
or the efficiency becomes higher as the phase 
inconsistency amount A/J. which will be hereinafter 
described, increases. 

Generally, where polarization conditions of 
three signal channels coincide with each other, the 
optical power Pi j k of an FWM wave is given by the 
following equation (2): 

Pi j k * T?i j k • { ( 1. 024tt 6 -xi i i i 2 -d 2 )/n 4 -X 2 -c 2 } 

• (Ur r /Aef f ) 2 -Pi *Pj *Pk -exp(-ctL) (2) 
where rji j w is the occurrence efficiency of the frequency 
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I ft j k (wavelength X. j k ) . Xi t i i ls the third-order non- 
linear susceptibility, d is the degeneracy coefficient 
(d = 6wheni*j*k, andd=3wheni-j*k). nis 
the refraction index of the core. X is the signal 
5 wavelength, c is the velocity of light. L 9 1 t is the 

effective optical fiber length given by the equation (3) 
given below. A» t t is the effective core area (= 7rW 2 . W 
is the mode field diameter), a is the attenuation 
coefficient of the optical fiber, and Pi , Pj and Pk are 
10 the input powers of signal light waves of the 

frequencies fi . fj and fk (wavelengths Xi . Xj anti Xk ) . 
respectively. 

Uff = (1 - exp(--aL) } /a (3) 
where the occurrence efficiency t?i j k (= 77) is given by 
15 the following equation (4): 

17 - ct 2 -Cl + 4exp(-aL) •sin 2 (A/9L/2) 

/{l - exp(-aL) } 2 ]/(ct 2 * Aj3 2 ) (4) 
where L is the optical fiber length, and is the phase 

inconsistency amount. Further, if it is assumed that 
20 the dispersion slope dD/dX of the optical fiber. 2 is 
fixed with respect to the wavelength, the phase 
inconsistency amount Aj3 is given by the equation (5) or 
( 6 ) below: 

a. In the case of fi * fj * fk (Xi * Xj * Xk ) : 
25 Aj9 « (ttX 4 /3c 2 ) « (dD/dX) • { (fi + fj - fk - fa) 3 

- (fi -fa) 3 - (fj - fa) 3 + (fk - fa) 3 )} (5) 

b. In the case of fi = fj * fk (Xi = Xj * Xk ) : 
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= (ttXVc 2 ) • (dD/dX) * 2- ( :\ - f a ) • C f i - f k ) 2 (6) 
where D is the chromatic dispersion of the optical 
fiber, dD/dX is the chromatic dispersion of the second 
order of the optical fiber, and fa is the zero- 
dispersion optical frequency. It is to be noted that 
the equations (5) and (6) stand also where the 
frequencies ft . f j , fk and fa are replaced by the 
wavelengths Xi . Xj . Xk and Xa . respectively. 

Where a plurality of channels are involved, 
combinations of l . j and k of FWM waves which appear at 
the positions of the frequency fijk (wavelength Xijk) 
are calculated, and optical powers Pi j w are individually 
calculated for them. Then, the sum total of the optical 
powers Pi j k makes an optical power of the FWM wave 
produced at the position of the frequency f i j k 
(wavelength Xi j k ) . Using the sum total of the optical 
powers, a crosstalk amount CR is calculated in 
accordance with the following equation (7): 

CR = 10 • log{(sum total of all FWM optical 
powers appearing at positions of f i j k ) 
/(signal optical power at positions of f t j k ) } 

(7) 

The influence of FWM can be estimated using the 
equations (2) and (4) to (7), which allows designing of 
values of parameters of the system such as a channel 
spacing, a channel arrangement and an input power. In 
the description of action and effects of the first to 
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sixth embodiments of the invention given below, an 
estimated influence of FWM (refer to FIG. 3. 4, 7. 11 o 
12) obtained in accordance with the equations given 
hereinabove will be used suitably. 

As described hereinabove, in order to prevent 
waveform deterioration by dispersion of the optical 
fiber 2. it is necessary to make use of a band in the 
proximity of the zero-dispersion wavelength of the 
optical fiber and also to assure a channel spacing and 
a signal channel arrangement taking an influence of FWM 
which appears significantly when the band is used for 
multiplexing, into consideration. To this enu, in the 
optical wavelength multiplex transmission method 
according to the first embodiment of the present 
invention, signal light waves of different channels are 
arranged, for example, as illustrated in FIG. 1. 

According to such a channel arrangement as 
illustrated in FIG. 1. an FWM suppressing guard band 5 
of a fixed width ranging from a zero-dispersion 
wavelength A.e is provided, and signal light waves are 
disposed on the longer wavelength side 6 than the zero- 
dispersion wavelength Xa outside the guard band 5. 

Due to the construction described above, in the 
optical wavelength multiplex transmission system to 
which the optical wavelength multiplex transmission 
method according to the first embodiment of the present 
invention is applied, signals from the different 
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1 channels are multiplexed in a high density as signal 

light waves of di f f e rent frequencies or wavelengths from 
one another by the transmission circuit 1 and 
transmitted by way of the optical fiber 2. 
5 The signal light waves transmitted by way of the 

optical fiber 2 are demultiplexed by the distributor 3 
and inputted to the reception circuits 4 of the 
corresponding channels and detected as signal light 
waves of the frequencies or wavelengths corresponding to 

10 the input channels. 

In this instance, where the system is 
constructed, for example, such that the number of 
channels of the transmission circuit 1 is 16 (n = 16); 
the channel spacing is 150 GHz; the length L of the 

15 optical fiber 2 is 90 km; and the optical input power P 
of each channel is +3 dBm, the results of calculation of 
crosstalk amounts of the channels are such as 
illustrated in FIG. 3. The parameters used for the 
calculation are Xt i t i = 5. 0 x 1 0" 1 5 cm 3 /er g (esu) . A»r f = 

20 4. 6 x 10-tt m 2 . cc = 5.2958 x 10" 5 nr * (0.23 dB/km). and 
dD/dX = 0.065 ps/(km*nm 2 ). 

In FIG. 3. such a representation as "0. 0 
ps/nm/km" indicates a value of dispersion at the channel 
1 CHI. As the channel number (CH No.) increases, the 

2^ dispersion value increases in accordance with the 

dispersion slope dD/dX. From the result illustrated in 
FIG. 3, the crosstalk amounts at the channels CH2. CH3 
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1 and CH4 exhibit comparatively high values 

Results of calculation performed paying 
attention to the channels CH2 , CH3 and CH4 are 
illustrated in FIG. 4. As seen from FIG. 4, in order to 

5 suppress the crosstalk amount, for example, below 30 dB, 
the dispersion value of the channel CHI should be 0.64 
ps/nm/km or more, and where, for example, dD/dX = 0. 065 
ps/(km*nm 2 ). the channel CHI should be displaced 
approximately 10 nm from the zero-dispersion wavelength 

3 Xa . Accordingly, the guard band 5 should have a width 
of 10 nm. 

In this manner, according to the optical 
wavelength multiplex transmission method of the first 
embodiment, by arranging signal light waves of different 

> channels from the zero-dispersion wavelength Xa of the 
optical fiber 2 with the guard band 5 interposed 
therebetween, an influence of FWH can be suppressed and 
an influence from another channel by crosstalk can be 
suppressed. Further, since the band can be utilized 

) efficiently, an optical communication system of an 

increased capacity can be realized while maintaining a 
high degree of transmission accuracy. 

It is to be noted that, while, in the present 
embodiment, signal light waves are arranged on the 

3 longer wavelength side 6 with respect to the zero- 
dispersion wavelength Xa . they may alternatively be 
arranged on a shorter wavelength side 7 with respect to 
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1 the zero-d 1 spers 1 on wavelength A.3 with the guard band 5 
interposed therebetween. 
B Second Embodiment 

Subsequently, an optical wavelength multiplex 
5 transmission method according to a second preferred 

embodiment of the present invention will be described. 
FIG. 5 illustrates an arrangement of signal light waves 
of a plurality of channels of the optical wavelength 
multiplex transmission method. It is to be noted that 

10 also the optical wavelength multiplex transmission 

method of the second embodiment is applied to a system 
similar to the optical WDM (FDM) distribution 
transmission system described hereinabove with reference 
to FIG. 2, and overlapping description of the same will 

15 be omitted herein to avoid redundancy. 

In the optical wavelength multiplex transmission 
method according to the present embodiment, a pair of 
FWM suppressing guard bands 5 are provided on the 
opposite sides of the zero-dispersion wavelength Xa . and 

20 signal light waves of different channels are arranged on 
the shorter wavelength side 7 and the longer wavelength 
side 6 outside the guard bands 5. 

Due to the channel arrangement described above, 
with the optical wavelength multiplex transmission 

25 method of the second embodiment, even if the zero- 

dispersion wavelength Xa is positioned within a band of 
an optical amplifier or of an optical part, signal light 



waves can be arranged efficiently and compactly while 
suppressing an effect of FWM in the limited band to 
suppress an influence from another channel by crosstalk, 
and accordingly, there is an advantage in that an 
increase of the capacity of the system can be realized 
while maintaining a high degree of transmission 
accuracy. 

C. Third Embodiment 

Subsequently, an optical wavelength multiplex 
transmission method according to a third preferred 
embodiment of the present invention will be described. 
FIG. 6 illustrates an arrangement of signal light waves 
of a plurality of channels of the optical wavelength 
multiplex transmission method, and FIG. 7 illustrates 
operation according to the optical wavelength multiplex 
transmission method. It is to be noted that also the 
optical wavelength multiplex transmission method of the 
third embodiment is applied to a system similar to the 
optical WDM (FDM) distribution transmission system 
described hereinabove with reference to FIG. 2, and 
overlapping description of the same will be omitted 
herein to avoid redundancy. 

According to the optical wavelength multiplex 
transmission method of the third embodiment, as shown in 
FIG. 6, a pair of FWM suppressing guard bands 5 are 
provided in an asymmetrical relationship on the shorter 
wavelength side 7 and the longer wavelength side 6 with 
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respect to the zero-dispersion wavelength Xa. and signal 
1 l g h t waves to be multiplexed are arranged such that the 
channel spacing thereof is set different between the 
shorter wave side 7 ( A f ) and the longer wavelength side 
6 (Af ' ) . 

Since the channel spacing is set different 
between the shorter and longer wavelength sides than the 
guard bands 5. it can be prevented that the position at 
which FWM light appears between signal light on the 
shorter wavelength side and signal light on the longer 
wavelength side than the guard bands coincides with some 
signal light wavelength, and consequently, an influence 
from another channel by crosstalk is suppressed. Here, 
the width by which the band in which FWM light may 
appear is displaced from the band of the signal light is 
desirably set within a range within which the width can 
be suppressed by the optical filter 4a on the reception 
side- 
Where the channel spacing is made different 
between the left and the right such that it Is set. for 
example, as shown in FIG 7, to 200 GHz on the shorter 
wavelength side 7 and to 150 GHz on the longer 
wavelength side 6 and the width of the guard band 5 is 
set to 1.6 nm on the shorter wavelength side 7 and to 4 
nm on the longer wavelength side 6, FWM light is 
produced between different channels, but production of 
FWM light is reduced within the bands of signal light 
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and also the crosstalk amount is reduced. 

In thLS manner, also with the optical wavelength 
TP-lit iplex transmission method of the third embodiment, 
since signal light waves of different channels are 
arranged on the opposite sides of the zer o-d i spers 1 on 
wavelength Xa in a spaced relationship from the zero- 
dispersion wavelength Xa with the guard bands 5 
interposed between them, an influence of FWM can be 
suppressed and an influence from another channel by 
crosstalk can be suppressed. Further, since the band 
can be utilized efficiently, there is an advantage in 
that an increase of the capacity of the system can be 
realized while maintaining a high degree of transmission 
accuracy. 

D. Fourth Embodiment 

Subsequently, an optical wavelength multiplex 
transmission method according to a fourth preferred 
embodiment of the present invention will be described. 
FIG, 8 illustrates an arrangement of signal light waves 
of a plurality of channels of the optical wavelength 
multiplex transmission method. It is to be noted that 
also the optical wavelength multiplex transmission 
method of the fourth embodiment is applied to a system 
similar to the optical WDM (FDM) distribution 
transmission system described hereinabove with reference 
to FIG. 2. and overlapping description of the same will 
be omitted herein to avoid redundancy. 
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In the optical wavelength multiplex transmission 
■nethod of the fourth embodiment, the channel spacings on 
the shorter wavelength side 7 and the longer wavelength 
side 6 are set individually to a constant multiplied by 
different integral numbers as seen from FIG. 8. 

If. for example, the channel spacing Af is Af = 
A • X . then the channel spacing between a channel n ^ 4 and 
another channel n*5 is set to Af' = B'X, and the channel 
spacing between a channel n-rn-l and another channel n+m 
is set to Af" = OX. Here. X is the constant, and A. B 
and C are the integral numbers. 

Further, as seen from FIG. 8. also in the 
present embodiment, the FWM suppression guard bands 5 
are arranged asymmetrically on the shorter wavelength 
side 7 and the longer wavelength side 6 with respect to 
the zero-dispersion wavelength Xa. 

In the transmission circuit 1 shown in FIG. 2. 
it is required to stabilize the wavelengths of the laser 
diodes la in a desired channel arrangement and at a 
desired channel spacing, while in the reception circuit 
4. it is required to select and extract a channel. The 
channel arrangement and the channel spacing required in 
order to suppress such an influence of FWM as described 
above are desired to be easy to control by the 
transmission circuit 1 and easy to extract by the 
reception circuit 4. 

Generally, control of the channel spacing is 
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performed making use of a periodic characteristic of an 
optical interferometer. When it is tried, for example, 
to perform control of the channel spacing using Fabry- 
Perot interferometers, if the desired channel spacing is 
equal to the distance between transmission peaks of the 
Fabry-Perot interferometers or equal to an integral 
number of times the distance between such transmission 
peaks, then if the wavelengths of the individual laser 
diodes la are stabilized at the positions of the 
transmission peaks using one of the Fabry-Perot . 
interferometers as a reference, control of all of the 
cannels can be real lzed.s imply. However, where the 
channels are arranged at different spacings. control is 
compl ica ted. 

From such point of view, by setting the channel 
spacings on the shorter wavelength side 7 and the longer 
wavelength side 6 than the zero-dispersion wavelength 
to integral numbers of times a constant (distance of one 
period of transmission peaks of optical interferometers 
or an integral number of times the distance), channels 
on the shorter wavelength side 7 and the longer 
wavelength side 6 can be controlled by one or two Fabry- 
Perot interferometers of the same characteristic. This 
similarly applies to the reception circuit 4. In 
particular, by setting the channel spacings to integral 
numbers of times a constant, an interferometer of the 
same characteristic can be used. 
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1 In this manner, with the optical wavelength 

multiplex transmission method of the fourth embodiment, 
since the channel spacings on the transmission side can 
be controlled by means of a single or two Fabry-Perot 
5 interferometers, there is an advantage in that the 
control on the transmission side can be simplified. 

This also applies to the reception side. In 
particular, by setting the channel spacings to integral 
numbers of times a constant, an interferometer having 

10 the same characteristic as that of the interferometers 
on the transmission side can be used. Consequently, 
there is an advantage in that selective reception is 
facilitated and the apparatus can be simplified. 

It is to be noted that, in the present 

15 embodiment, the channel spacing between adjacent 
channels of signal light waves of a plurality of 
channels can be set such that it may be different on the 
shorter wavelength side 7 and the longer wavelength side 
6 outside the guard bands 5. 

20 E. Fifth Embodiment 

Subsequently, an optical wavelength multiplex 
transmission method according to a fifth preferred 
embodiment of the present invention will be described. 
FIG. 9 illustrates an arrangement of signal light waves 

2 ^ of a plurality of channels of the optical wavelength 

multiplex transmission method. It is to be noted that 
also the optical wavelength multiplex transmission 



method of the fifth embodiment is applied to a system 
similar to the optical WDM (FDM) distribution 
transmission system described hereinabove with reference 
to FIG. 2, and overlapping description of the same will 
be omitted herein to avoid redundancy. 

In the optical wavelength multiplex transmission 
method of the fifth embodiment, the frequencies or 
wavelengths of signal light waves of different channels 
are set such that the spacings between the signal light 
waves of the channels arranged on the opposite sides of 
the FWM suppression guard bands 5 may satisfy the 
relationship wherein the signal light waves are spaced 
from each other by spacings equal to integral numbers of 
times a constant on the opposite sides of the guard 
bands 5. 

In particular, where the optical frequency of 
the channel CHi is represented by f. the optical 
frequency of an arbitrary channel j is set so as to 
satisfy f ± A»X, where A is an integral number and X is 
a constant. 

Due to the channel arrangement described above, 
with the optical wavelength multiplex transmission 
method of the fifth embodiment, the channel spacings on 
the opposite sides of the guard bands 5 can be set to 
integral numbers of times a constant (distance of one 
period of transmission peaks of an optical 
interferometer or an integral number of times the 



distance), and consequently, control of the channel 
spacings on the transmission side can be realized only 
with a single optical interferometer. Further, since it 
is only required to use an interferometer of the same 
characteristic on the reception side, there is an 
advantage in that selective reception is facilitated and 
the apparatus is simplified. 
F. Sixth Embodiment 

Subsequently, an optical wavelength multiplex 
transmission method according to a sixth preferred 
embodiment of the present invention will be described. 
FIG. 10 illustrates an arrangement of signal light waves 
of a plurality of channels of the optical wavelength 
multiplex transmission method, and FIGS. 11 and 12 
illustrate operation of the same. It is to be noted 
that also the optical wavelength multiplex transmission 
method of the sixth embodiment is applied to a system 
similar to the optical WDM (FDM) distribution 
transmission system described hereinabove with reference 
to FIG. 2. and overlapping description of the same will 
be omitted herein to avoid redundancy. 

In the optical wavelength multiplex transmission 
method of the sixth embodiment, different channels are 
arranged such that two or more channels may not overlap 
with each other, that is. one pair of channels or less 
may have an equal absolute value of a dispersion value 
when the channel arrangement is folded on itself at the 



z e r o - d i s p e r s i o n wavelength Ab as viewed on the optical 
frequency (optical wavelength) axis as seen in FIG. 10. 
In the arrangement shown in FlG 10. only one pair of 
channels CH3 and CH8 overlap with each other. 

Where, for example, the channel number of the 
transmission circuit 1 is 16; the channel spacings are 
150 GHz. 200 GHz and 250 GHz; the length L of the 
optical fiber 2 is 90 km; and the optical input power P 
per one channel is 0 dBm, results of calculation of 
crosstalk of different channels are such as illustrated 
in FIG. 11, and in the case of another system wherein 
the channel number of the transmission circuit 1 is 16; 
the channel spacings are.. 150 GHz. 200 GHz and 300 GHz: 
the length L of the optical fiber 2 is 90 km; and the 
optical input power P per one channel is 0 dBm, results 
of calculation of crosstalk of different channels are 
such as illustrated in FIG. 12. As seen from FIG. 11 or 
12. all of the channels exhibit good values of cross 
talk a round -30 dB. 

While an influence of crosstalk at the channel 
CH2 , CHS. CH11 or CH15 can be seen in FIG. 7 which 
illustrates operation of the third embodiment, if the 
channel arrangement illustrated in FIG. 7 is folded on 
itself at the zero-dispersion wavelength Xe, the 
channels CH2 and CH15 overlap with each other and the 
channels CHS and CH11 overlap with each other. In other 
words, the two pairs of channels have equal absolute 



values of dispersion values. In contrast, in the 
present embodiment, by setting the channel arrangement 
so that only one pair of channels may be allowed to have 
an equal absolute value of a dispersion value as seen in 
FIGS. 11 and 12. crosstalk exhibits good values around 
approximately -30 dB with all of the channels as 
described hereinabove. 

Where two or more pairs of channels have equal 
absolute values of dispersion values on the opposite 
sides of the zero-dispersion wavelength Aa . as can be 
seen also from the equation (5) given hereinabove, the 
phase mismatch amount exhibits the value 0 with a 

combination of three channels within two pairs of 
channels, and FWM light appears in a high efficiency at 
the position of the remaining one channel. After all. 
FWM light appears at the optical frequency positions of 
all of the four channels of the two pairs and degrades 
the crosstalk. Accordingly, the channels are set such 
that less than two pairs of channels may have an equal 
absolute value of a dispersion value. 

In this manner, with the optical wavelength 
multiplex transmission method of the sixth embodiment, 
since less than two pairs of channels have an equal 
value of a dispersion value on the opposite sides of the 
zero-dispersion wavelength Aa . production of FWM light 
can be suppressed, and an influence from another channel 
by crosstalk can be suppressed with certainty. Further. 
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since a band can be utilized efficiently similarly as in 
the first to fifth embodiments described above, there is 
an advantage in that an increase of the capacity of the 
system can be realized while maintaining a high degree 
of transmission accuracy. 

It is to be noted that, while, in the first to 
sixth embodiments described above, the channel spacing 
is set in terms of a frequency, it may alternatively be 
set in terms of a wavelength, and also in this instance, 
similar advantages to those of the embodiments described 
above can be achieved. 
G. Seventh Embodiment 

In order to suppress and eliminate crosstalk by 
FWM between signal light waves in an optical 
transmission system based on the WDM method which 
employs a band around the zero-d 1 spers i on wavelength of 
an optical fiber (in a seventh preferred embodiment of 
the present invention, such an optical amplifier multi- 
repeater system (regenerative repeater system) as 
described hereinbelow with reference to FIG. 15), it is 
required to separate a signal light band and the zero- 
dispersion wavelength of the optical fiber from each 
other as described hereinabove. The channel arrangement 
then depends principally upon a guard band for 
suppression of FWM (guard band or bands 5 described in 
the first to sixth embodiments), a limiting band by an 
SPD-GVD effect and a gain band of an EDFA. Meanwhile. 
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the zero-dispersion wavelength of an actual optical 
fiber exhibits a deviation in its longitudinal 
direction, and it is very important for designing of a 
system to control the zero-dispersion wavelength and the 
deviation of the zero-dispersion wavelength. Further, 
the apparent zero-d 1 sper s i on wavelength can be shifted 
by employment of an optical dispersion compensator, 
which provides an advantage to allow the deviation of 
the zero-d ispers ion wavelength. 

In the seventh and eighth embodiments described 
below, a channel arrangement method according to the WDM 
method when the factors described above are taken into 
consideration will be described. Conversely speaking, 
this can be regarded as a defining method between the 
zero-d 1 spers 1 on wavelength of an optical fiber and the 
deviation of the zero-dispersion wavelength in a 
situation wherein the number of channels and the channel 
spacing are decided. 

In the following description, a limiting band by 
a. a wavelength multiplex signal band. b. a gain band of 
an EDFA. c. a guard band for suppression of FWM and d. 
an SPM-GVD effect, which are factors to limit the signal 
light band, will be described first, and then the 
relationship between a channel arrangement and 
characteristics required for an optical fiber will be 
described taking presence or absence of an inserted 
optical dispersion compensator into consideration. 
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•Limiting Factors 

a. Wavelength Multiplex Signal Band 

Where signal light of n waves is arranged at an 
equal wavelength spacing (channel spacing) AXs . a 
wavelength multiplex signal light band AXw o n is given by 
AXs x (n - 1). It is to be noted that, in the case of 
an equal wavelength spacing arrangement. FWM light in 
the signal light band is liable to become high while 
wavelength stabilization is facilitated as described 
hereinabove m the fourth and fifth embodiments. 

b. EDFA Gain Band 

In the case of optical transmission of the WDM 
method, in order to make, the reception characteristic 
equal among different waves, the signal light power must 
be made equal among the different waves, and to this 
end. a frequency band in which the gain of the EDFA 
exhibits a flat characteristic must be used. For 
example, in FIG. 16. an example of an ASE spectrum after 
EDFAs are connected at four stages (the ASE spectrum 
distribution is substantially equal to the gain- 
distribution of an EDFA) is illustrated, and in the EDFA 
technique at present, the range of 1.550 to 1.560 nm is 
a frequency band in which the gain is flat. 
Consequently, it is desirable to arrange signal light of 
all channels within the bandwidth (AXedfa = 10 nm). 

It is to be noted that, as another frequency 
band than that described above, a frequency band in the 
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proximity of 1.535 nm at which the gain is equal may be 
used. It is to be noted that, as factors to decide the 
channel spacing then, there are a wavelength selective 
filter characteristic, wavelength stability of a 
semiconductor laser and so forth. Further, as means fo 
expanding the gain bandwidth AXe d f a of the EDFA. 
optimization of an EDFA operation point, optimization o 
composition of the EDF, insertion of an optical notch 
filter and so forth may be available, 
c. Guard Band for FWM Suppression 

As described also in the first embodiment, in 
optical WDM (FDM) transmission which employs a band in 
the proximity of the zero-dispersion wavelength of an 
optical fiber, it is required to set a channel spacing, 
a channel arrangement and an input power taking an 
influence of FWM into consideration. For example, when 
signal light waves of. for example, wavelengths k\ to k 
are inputted, a fourth light wave (FWM wave) of the 
wavelength k\ j k (i * k. j * k) is produced from 
arbitrary three k\ , Xj and kk of the input signal light 
waves by a third-order non-linear susceptibility Xt 1 t i 
of the optical fiber. 

The wavelength k\ j k satisfies the relationship 
of the equation (1) given hereinabove and causes 
crosstalk and degrades the transmission characteristic 
when signal light is present at the position. 
Particularly where the channel spacings are equal and 
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I the number of channels is great, a plurality of FWM 
waves are overlapped at the positions of wavelengths 
Xijk by combinations of l. J and k, resulting in 
increase of the crosstalk amount. Further, the 
5 production efficiency 7?i j k of the wavelength Xi j k varies 
depending upon the phase relationship among the 
wavelengths X< . Xj , Xk and Xi jk and indicates a high 
value in the proximity of the zero-dispersion wavelength 
Xa of the optical fiber. 
10 Generally, when the polarization conditions of 

three signal light waves and the phases of the three 
signal light waves at the input terminal of an optical 
fiber, the FWM optical powers Pi j k and the production 
efficiencies r?i j k are given by the equations (2) and (3) 
15 and the equations (4) to (6) given hereinabove. 

An example of calculation of crosstalk amounts 
(refer to the equation (7) given hereinabove) of 
different channels where 16 signal light waves are 
arranged at an equal distance of the wavelength spacing 
20 AXs = 1. 2 nm as shown, for example, in FIG. 17 and when 
the dispersion value Do h t of the channel 1 is varied is 
illustrated in FIG. 18. Parameters used for the 
calculation are: X = 1-55 Mm. Xt i t l = 5.0 x 10" 15 esu, 
Aaff = 4.6 x 10-ti m 2 . at = 5 3 x 1 0" 5 m" x (0.23 dB/km). 
25 dD/dX = 0.065 ps/(km*nm 2 ). L = 90 km. and Pi = 0 dBm/ch. 

As seen from FIG. 18. the number of combinations 
of FWM light waves overlapped with different channels 



( 



r 



- 59 - 

exhibits its maximum value with the channel 7 or 8 at 
the center. However, since the dispersion values at the 
different channels are different, the crosstalk amount 
exhibits a maximum level with the channels 2 to 4 (this 
is a similar result to that described hereinabove with 
reference to FIG. 3 in connection with the first 
embodiment). Where the required crosstalk amount is -30 
dB. the dispersion value Do hi of the channel 1 must 
necessarily be set to 0.25 ps/(km*nm). In other words, 
the wavelength spacing between the zero-d l spers l on 
wavelength Xa and the wavelength Xi of the channel 1 
must necessarily be set to 3.8 nm or more, and this will 
be hereinafter referred to as FWM suppressing guard band 
AXg in the present embodiment, 
d. Limiting Band by SPM-GVD Effect 

FIG. 15 shows the construction of a regenerative 
repeater system or optical transmission system to which 
the optical wavelength multiplex transmission method of 
the seventh embodiment of the present invention is 
applied. Referring to FIG. 15. the regenerative 
repeater system shown includes a transmitter 11 for 
converting an electric signal into an optical signal or 
signal light and performing optical wavelength 
multiplexing using the construction (transmission 
circuit 1) described hereinabove with reference to FIG. 
2. and a plurality of in-line amplifiers 12 inserted 
substantially at a fixed distance Lu-i im in an optical 
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transmission line (optical fiber 2) for amplifying a 
signal attenuated by line loss. 

The regenerative repeater system further 
includes a plurality of regenerative-repeaters 13 
interposed substantially at a fixed distance Lr - r © d 
greater than the distance Li n-i i n« between the in-line 
repeaters 12 in the optical transmission line (optical 
fiber 2). The regenerative-repeaters 13 are provided to 
regenerate pulse signals from signal light in the 
optical transmission line before the signal light is 
degraded by an influence of noise relying upon the line 
characteristic into a condition in which signals thereof 
cannot be discriminated from one another, and have three 
functions represented by words beginning with R 
including reshaping, retiming and regenerating. 
Therefore, such a regenerative-repeater is also called 
3R repeater. 

The regenerative repeater system further 
includes a receiver 14 for demultiplexing signal light, 
which has been multiplexed by the construction 
(reception circuit 4) described hereinabove with 
reference to FIG. 2 and converting the signal light 
waves obtained by the demodulation into electric 
signals. 

In the present embodiment, the transmitter 11 
and the receiver 14 are interconnected by way of the 
optical fiber 2 with the plurality of in-line repeaters 
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12 and regenerative-repeaters 13 interposed in the 
optical fiber 2 to construct the optical transmission 
system or regenerative-repeater system 10 according to 
the optical amplifier multi-repeater WDM method. 

By the way. in the case of the optical 
transmission system 10 of such a construction as 
described above, the distance Lr - r * p between the 
regenerative-repeaters 13 are restricted principally by 
two factors including 1. optical signal to noise 
degradation by ASE accumulation at the in-line repeaters 
12 and 2. waveform degradation by an SPM-GVD effect 
caused by a Kerr-ef feet in the optical fiber 2. 
Simultaneously, the lower limit to the input power into 
the optical fiber 2 is limited by the optical signal to 
noise ratio while the upper limit is limited by the SPM- 
GVD effect. It is to be noted that, for evaluation of 
waveform degradation by an SPM-GVD effect, generally a 
simulation which involves solution of a non-linear 
Schroedinger equation using the split step Fourier 
method is effective. 

FIG. 19 illustrates an example of a relationship 
between the input power to the optical fiber 2 and the 
distance Lr - r 9 d between the regenerative-repeaters 13 
when the transmission rate is 10 Gbps. the distance 
Lin-iina between the in-line repeaters 12 is 70 km and 
only one wave is transmitted. If it is assumed that the 
variation of the optical output from each optical 
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amplifier (in-line repeater 12) is ±2 d B . where an 
allowable dispersion value Da i i o - is D 8 i i 0 y = ±1 
p s / ( n m • k m ) . the maximum value of the distance Lr - r « P 
between the regenerative-repeaters 13 is 280 km. and 
where the allowable dispersion value D 8 ii 0 w is Da Mow = 
±2 ps/(nm»km). the maximum value of the distance Lr - r « P 
between the regenerative-repeaters 13 is 210 km. In 
order to realize long-haul transmission, it is necessary 
to set the allowable dispersion value low and set the 
input power to the optical fiber 2 high. 
•Relationship between Channel Arrangement and 
Characteristic Required for Optical Fiber 

Three required characteristics for a DSF 
(optical fiber 2) must be taken into consideration when 
it is tried to achieve optical transmission based on the 
WDM method, including 1. the zero-dispersion wavelength 
Xa . 2. the zero-dispersion wavelength deviation ±AXa , 
and 3. the dispersion slope (second-order dispersion) 
dD/dX as described hereinabove. Here, the zero- 
dispersion wavelength deviation ±AXa signifies not only 
a dispersion involved in production of a DSF but also a 
maximum deviation width of the zero-d i spers l on 
wavelength Xa in the longitudinal direction of the 
optical fiber 2 within the distance Lr - r © p between the 
regenerative-repeaters 13. 

FIG. 20 illustrates a result of measurement of 
the FWM production efficiency 7? when two signal light 
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waves were inputted to an actual DSF and the wavelength 
X2 of one of the two signal light waves was fixed to 
1.557 n m while the wavelength Xt of the other signal 
light wave was varied. In FIG. 20, the result of 
measurement is indicated by a solid line interconnecting 
blank round marks. In the measurement, the optical 
fiber length was 60 km. and the power of each signal 
light wave was +4 dBm. Comparison with another result 
of calculation (indicated by a broken line in FIG. 20) 
conducted with the zero-dispersion wavelength Xa fixed 
to a fixed value reveals that the measurement values 
indicated by a solid line in FIG. 20 are distributed 
over a wider wavelength range. This signifies that the 
zero-dispersion wavelength Xa of the actual DSF exhibits 
a deviation in the longitudinal direction of the DSF. 

Taking the foregoing points described above into 
consideration, in the optical wavelength multiplex 
transmission method of the seventh embodiment of the 
present invention, signal light waves of different 
channels are arranged in such a manner, for example, as 
illustrated in' FIG. 13. It is to be noted that, in the 
present embodiment, description will be given of the 
case wherein signal light waves of four channels are 
wavelength multiplexed and transmitted. 

In particular, referring to FIG. 13. taking the 
zero-dispersion wavelength Xa of the optical fiber 2 and 
the zero -d 1 spers l on wavelength deviation ±AXa in the 
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longitudinal direction of the optical fiber 2 into 
consideration, signal light waves of four channels to be 
multiplexed are arranged at an equal spacing AXs on the 
shorter wavelength side than a short wavelength end Xa - 
AXa of the range of the zero-dispersion wavelength 
deviation of the optical fiber 2. 

In this instance, an FWM suppressing guard band 
AX* is provided on the shorter wavelength side than the 
short wavelength end Xa - AXa of the zero-dispersion 
wavelength deviation range of the optical fiber 2, and 
signal light waves of four channels (wavelengths Xt to 
Xa in the channels 1 to 4) are arranged on the further 
shorter wavelength side than the wavelength Xa - AXa - 
AXg In the present embodiment, the wavelength Xi of 
the channel 1 is set to the position spaced by AXa + AXg 
on the shorter wavelength side than the zero-dispersion 
wavelength Xa of the DSF (optical fiber 2). In other 
words, the wavelength Xa - AXa - AXg is set so as to 
coincide with the wavelength Xi of the channel 1. 

Further, in the present embodiment, signal light 
waves of four channels are arranged within the 
transmissible bandwidth AXs p n - g u d defined by the 
allowable dispersion value Da i low determined from an 
SPM-GVD effect in the optical fiber 2. In particular, 
as seen from FIG. 13, the transmissible wavelength range 
of signal light is a range within AXs p n - g u o = 
I Da t i ow | /(dD/dX) on the shorter wavelength side than the 



long wavelength end Xa *■ AXb of the zero-dispersion 
wavelength deviation range of the optical fiber 2. In 
this instance, in order to allow transmission of four 
waves and allow the zero -d 1 s per s 1 on wavelength deviation 
AXa to be set as great as possible, the wavelength 
Xsppi-gud (= (Xa + AXa ) - AXs p n - g u d ) and the wavelength 
\a of the channel 4 are set so as to coincide with each 
other. 

Further, in the present embodiment, signal light 
waves of four channels are arranged within a gain band 
AXe d f a (such a range of 1,550 to 1,560 nm as 
illustrated, for example, in FIG. 16) of an EDFA 
(optical amplifier arranged in each in-line repeater 12) 
connected to the optical fiber 2. 

It is to be noted that, though not illustrated 
in FIG. 13, when the productivity of semiconductor 
lasers (light sources of signal light waves) and/or the 
optical wavelength variations of signal light waves 
caused by the wavelength control accuracy are taken into 
consideration, the bandwidth AXu d n within which signal 
light waves of a plurality of channels are arranged is 
set in an expanded condition in accordance with such 
variations. 

Here, the example of a signal light arrangement 
illustrated in FIG. 13 is described in more detail by 
way of an example of numerical values. The relationship 
between a channel arrangement and characteristics 
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1 required fcr a DSF is described for the case wherein. 

for example, four signal light waves of the transmission 
rate 10 Gbps are arranged at an equal distance of the 
wavelength spacing AXs = 2 nm on the shorter wavelength 

5 side than the zero-di spers l on wavelength Xa of the DSF 
(optical fiber 2) and the distance Li n - i i n • between the 
in-line repeaters 12 is set to 70 km while the distance 
Lr - r » P between the regenerative-repeaters 13 is set to 
280 km. 

10 First, the relationship of the guard band AX« 

with which the crosstalk amounts at all of the channels 
are smaller than -30 dB to the wavelength spacing AXs 
when the optical fiber length is 70 km and the input 
power of each channel is +6 dBm is illustrated in FIG. 

15 21. From FIG. 21, it can be seen that, where the 

wavelength spacing AXs is 2 nm (signal light bandwidth 
AXu d n = 6 nm), the guard band AXg is required to be AX* 
= 3 nm . 

In order to effectively utilize the gain band 
20 (1.550 to 1.560 nm) of the EDFA. the wavelength Xt of 
the channel 1 is set to 1,560 nm which is the longer 
wavelength end of the gain band as seen from FIG. 13. 
In this instance, the wavelength Xi is displaced by AXa 
AXg toward the shorter wavelength side from the zero- 
2^ dispersion wavelength Xa of the DSF as described 
hereinabove. 

Further, since the allowable dispersion value 
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Dai low with which the distance Lr - r © p between the 
regenerative-repeaters 13 is Lr - r © P = 280 km is -1 
ps/Cn.Trkm) from FIG. 19. the transmissible signal light 
wavelength range is a range within AXs p n - g u o = 
I D 8 i i o w | / (dD/dX) toward the shorter wavelength side from 
the wavelength Xa + AXa as described hereinabove, and in 
order to allow transmission of all of the four waves and 
allow the zero-dispersion wavelength deviation AXa to be 
set as great as possible, the wavelength (Xa + AXa) - 
AXs pn-Guo and the wavelength Xi of the channel 4 are set 
so as to coincide with each other. From those 
requirements, the values of AXs p n - g u d , AXa and Xa are 
defined in the equations given below: 
AXspm-gud = | Da I 1 o w | / (dD/dX) 

= 1 (ps/ (nm- km) )/Q. 08 (ps/nm 2 *km)) 

= 12. 5 nm 

AXa = (AXspm-gud - AXw o rt - AXg)/2 - 1.7 5 nm 
Xa = Xi + AXa + AXg - 1. 564. 75 nm 
The values given above are values obtained when 
the deviation AXa is in the minimum. It is to be noted 
that, as the dispersion slope dD/dX decreases, AXs ? n - g u d 
increases, which allows an increase of the deviation 
AXa - 

While the case wherein no optical dispersion 
compensator is employed has been described with 
reference to FIG. 13, an alternative case wherein signal 
light arrangement of different channels is performed 
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using an optical dispersion compensator will be 
described subsequently. In particular, the optical 
wavelength multiplex transmission method of the seventh 
embodiment of the present invention can arrange signal 
light waves of different channels in such a manner, for 
example, as illustrated in FIG. 14 using an optical 
dispersion compensator. It is to be noted that 
description is given also here of the case wherein 
signal light waves of four channels are wavelength 
multiplexed and transmitted. 

In particular, signal light waves of four 
channels are first arranged outside a transmissible band 
AXsprt-GUD defined by an allowable dispersion value 
Dai low determined from an SPM-GVD effect in the optical 
fiber 2 as illustrated at an upper half of FIG. 14. and 
then the zero-dispersion wavelength Xa of the optical 
fiber 2 is shifted to Xa ' as illustrated at a lower half 
of FIG. 14 using an optical dispersion compensator to 
arrange the signal light waves of the four channels 
apparently in the transmissible band AXs p m - g u d . 

In this instance, the signal light waves of the 
four channels are arranged, before they are shifted by 
the optical dispersion compensator, at the equal spacing 
AXs on the shorter wavelength side than the wavelength 
Xa - AXa - AXg and within the gain bandwidth AXe d f a of 
the EDFA similarly as in the example of an arrangement 
described hereinabove with reference to FIG. 13. It is 



to be noted that the wavelength Ai of the channel 1 is 
set so that it may coincide with tne wavelength Aa - AAa 
- AA* displaced by AAa +■ AAg toward the shorter 
wavelength side from the zero-dispersion wavelength Aa . 

Then, by shifting the actual zero-dispers ion 
wavelength Aa by AAd c toward the shorter wavelength side 
by means of the optical dispersion compensator, the 
signal light waves of the four channels are arranged 
apparently in the transmissible bandwidth A As p n - g u d as 
seen in the lower half of FIG. 14. 

It is to be noted that, though not illustrated 
in FIG. 14. when the productivity of semiconductor 
lasers (light sources of signal light waves) and/or the 
optical wavelength variations of signal light waves 
caused by the wavelength control accuracy are taken into 
consideration, the bandwidth A Aw d n within which signal 
light waves of a plurality of channels are to be 
arranged is set in an expanded condition in accordance 
with such variations. 

Further, though not illustrated in FIG. 14. 
where an optical dispersion compensator is employed as 
described above, taking the dispers ion compensation 
amount deviation range ±5Adc of the optical dispersion 
compensator into consideration, the signal light 
bandwidth AAu d n is set expanding the same by the 
dispersion compensation amount deviation range 6 Ad c on 
the opposite sides of the longer wavelength side and the 



shorter wavelength side. Further, for the optical 
dispersion compensator, such optical dispersion 
compensators, for example, as hereinafter described in 
connection with ninth to fifteenth embodiments of the 
present invention can be employed. 

Here, the example of a signal light arrangement 
illustrated in FIG. 14 is described using an example of 
detailed values. It is to be noted that the case 
wherein the zero-dispersion wavelength deviation AXa o f 
the optical fiber 2 can be set to the maximum using an 
optical dispersion compensator having a dispersion value 
of the opposite positive or negative sign to that of the 
transmission line of a signal band and the dispersion 
compensation wavelength shift amount AXd c can be 
minimized from the points of the size and the optical 
loss of the optical dispersion compensator is considered 
here. Further, as regards numerical values, it is 
assumed here that they are similar to those described 
hereinabove with reference to FIG. 13. 

The zero-dispersion wavelength deviation AXa is 
allowed to be set to the maximum when an area over which 
the range of AXs p m - s u d toward the longer wavelength side 
from the lower limit of the z e r o - d l s p e r s i o n wavelength 
deviation and the range of AXs ? n - g u d toward the shorter 
wavelength side from the lower limit of the zero- 
dispersion wavelength deviation overlap with each other 
coincides with the signal light bandwidth AAu d n as seen 
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1 from the lower half of FIG 14 In short, 
4Xa ( * s x ) = ( 2 • AXs p n - 3 u o - AXudm)/2 

= (2 x 12. 5 - 6) /2 = 9 5 nm 
and in this instance, the apparent zero-dispers ion 
5 wavelength Xa ' after dispersion compensation is 

positioned at the center of the signal light bandwidth 
AXu d n - 

Before dispersion compensation, as shown in the 
upper half of FIG. 14, the wavelength Xi of the channel 

J- 0 1 is displaced by AXa + AX* toward the shorter 

wavelength side from the zero-dispersion wavelength Xa 
from the requirement for FWM suppression. Accordingly, 

Xa = Xi + AXa + AXg = 1, 5 7 2. 5 nm 
and accordingly. Xa ± AXa = 1.572.5 ± 9.5 nm. 

15 In this instance, the dispersion compensation 

wavelength shift amount AXd c isXa - Xa ' . and is 
calculated in the following manner: 

AXd c = ( 2 • AXa - AXs pm-gud ) + AXg + AXw d n 
= (2 x 9. 5 - 12.5) + 3 + 6 - 15. 5 nm 

20 Optical dispersion compensators are required to 

have a higher dispersion, a lower loss and a smaller 
size, and various types of optical dispersion 
compensators including the dispersion compensation fiber 
type, the transversal filter type and the optical 
resonator type have been proposed. Here, optical 
dispersion compensators of the optical dispersion 
compensation type, which will be hereinafter described 
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in connection with the ninth to fifteenth embodiments of 
the present invention, are employed. 

It is to be noted that, since the example 
illustrated in FIG. 14 requires an optical dispersion 
compensator having a positive dispersion value, if, for 
example, an ordinary single mode fiber (dispersion value 
Ddc = 18 ps/(nm*km)) is employed, then the required 
fiber length Loc is given in the following manner: 

Ldc = (AA.o c • dD/dX • Lr - r e p ) /Do c 

» (15.5 x 0. 08 x 280)/18 = 19.3 km 

While, in the examples of FIGS. 13 and 14 
described hereinabove, detailed examples have been 
described for the cases wherein the zero-dispersion 
wavelength deviation AXa has the minimum value and the 
maximum value, respectively, the relationship of the 
zer o-d i spers i on wavelength Xa and the dispersion 
compensation wavelength shift amount AXd c to the 
deviation AXa where signal light waves are arranged on 
the shorter wavelength side than the zero-dispersion 
wavelength Xa is illustrated in FIG. 22. In FIG. 22. 
the relationship where the wavelength spacing AXs is AXs 
= 2 nm and the guard band AX* is AXg = 3 nm is indicated 
by a solid line. Meanwhile, the relationship where the 
wavelength spacing AXs is AXs = 3 nm is indicated by a 
broken line. In this instance, from FIG. 13, since it 
is only required that the zero-di spers i on wavelength Xa 
and the wavelength Xt of the channel 1 do not coincide 
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with each other, the guard band AX* is- set to AX* = 1 

n m . 

In this manner, with the optical wavelength 
multiplex transmission method of the seventh embodiment, 
signal light waves of different channels can be arranged 
without being influenced by FWM in an optical amplifier 
mul t 1 -repeater WDM method which makes use of a band in 
the proximity of the zero-dispersion wavelength Xa of 
the optical fiber 2, and simultaneously, a required 
characteristic regarding the zero-dispersion wavelength 
Xa of an optical fiber transmission line to be laid can 
be made definite and a channel arrangement method for 
signal light and a transmission line designing method in 
an optical amplifier multi-repeater WDM method can be 
establ ished. 

Particularly, according to the present 
embodiment, by arranging signal light waves of different 
channels on the shorter wavelength side than the 
wavelength Xa - AXe - AX* taking the zero-dispersion 
wavelength deviation range and the FWM suppressing guard 
band into consideration, the zero-dispersion wavelength 
deviation in the longitudinal direction of the optical 
fiber 2 is taken into consideration and controlled, and 
simultaneously, an influence of FWM is suppressed. 
Consequently, an influence from another channel by 
crosstalk is suppressed, and a high degree of 
transmission accuracy can be maintained. 



Further, according to the creser.t invention, m 
addition to the fact that signal light arrangement can 
be performed taking waveform degradation by an SPM-GVD 
effect into consideration, the powers of the signal 
light waves can be made equal and the received 
characteristics for the signal light waves can be made 
equal by arranging the signal light waves of the 
different channels within the gain bandwidth AAedfa of 
the EDFA. 

Furthermore, by setting the bandwidth AXu d n . 
within which signal light waves are to be arranged, in 
an expanded condition in accordance with optical 
wavelength variations of the signal light waves of the 
different channels, the variations of the signal light 
waves caused by the productivity and/or the wavelength 
control accuracy of light sources for the signal light 
waves such as semiconductor lasers are taken into 
consideration, and where an optical dispersion 
compensator is employed, by setting the bandwidth AXw d n . 
within which the signal light waves are to be arranged, 
expanding the same by the dispersion compensation amount 
deviation range 3Xdc of the optical dispersion 
compensator on the opposite sides of the longer 
wavelength side and the shorter wavelength side, also 
the dispersion compensation amount deviation of the 
optical dispersion compensator is taken into 
consideration. Consequently, optical transmission of 
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1 higher reliability can be achieved 

It is to be noted that, while, in the seventh 
embodiment described above, the case wherein signal 
light waves of four channels are to be arranged is 

5 described above, the present invention is not limited to 
this. 

H. Eighth Embodiment 

Subsequently, an optical wavelength multiplex 
transmission method of an eighth preferred embodiment of 

10 the present invention. FIG. 23 illustrates a signal 
light arrangement of a plurality of channels of the 
optical wavelength multiplex transmission method while 
FIG. 24 illustrates a modification to the signal light 
arrangement illustrated in FIG. 23. and FIG. 25 

15 illustrates the relationship of the zero-dispersion 

wavelength and the dispersion compensation amount to the 
zero-d i spers i on wavelength deviation in the optical 
wavelength multiplex transmission method. It is to be 
noted that also the optical wavelength multiplex 

20 transmission method of the eighth embodiment is -applied 
to a system similar to the regenerative-repeater system 
or optical transmission system described hereinabove 
with reference to FIG. 15, and overlapping description 
of the same will be omitted herein to avoid redundancy 

2 5 

While, in the seventh embodiment described 
above, description has been given of the case wherein 
signal light waves of different channels are arranged on 
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1 che shorter wavelength side than the zero-dispersion 
wavelength Xa of the optical fiber 2, in the eighth 
embodiment, signal light waves of different channels are 
arranged on the longer wavelength side than the zero- 
5 dispersion wavelength Xa of the optical fiber 2. Then, 
after the wavelength Xt of the channel 1 is set to the 
shorter wavelength end 1,550 nm of the gain bandwidth of 
the EDFA, the relationship between the channel 
arrangement and characteristics required for the DSF 

10 (optical fiber 2) are determined by the quite same means 
as "that of the seventh embodiment described hereinabove 
with reference to FIG. 13. 

In particular, taking the zer o-d i spers l on 
wavelength Xa of the optical fiber 2 and the zero- 

15 dispersion wavelength deviation ±AXa in the longitudinal 
direction of the optical fiber 2 into consideration, 
signal light waves of fourth channels to be multiplexed 
are arranged at an equal spacing AXs on the longer 
wavelength side than the longer wavelength end Xa + AXa 

2 ^ of the zero-dispersion wavelength deviation range of the 
optical fiber 2 as illustrated in FIG. 23. 

In this instance, an FWM suppressing guard band 
AXg is provided on the longer wavelength side than the 
longer wavelength end Xa ^ AXa of the zero-dispersion 

25 wavelength deviation range of the optical fiber 2. and 
the signal light waves of the four channels (for the 
channels 1 to 4 of the wavelengths Xi to X4 ) are 
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arranged on the further longer wavelength side than the 
wavelength Aa + AAa - AA* In the present embodiment, 
the wavelength Ai of the channel 1 is set at the 
position displaced by AAa + AA< toward the longer 
wavelength side from the zero-dispersion wavelength Aa 
of the DSF (optical fiber 2), that is. the wavelength Aa 
+ AAa + AA t is set so as to coincide with the wavelength 
Ai of the channel 1. 

Further, in the present embodiment, signal light 
waves of four channels are arranged in a transmissible 
band AAs p n - g u d defined by an allowable dispersion value 
D a i i o w determined from an SPM-GVD in the optical fiber 
2. In particular, as illustrated in FIG. 23. the 
transmissible signal light wavelength range is a range 
15 within AAsph-gud = [ D 8 i i 0 w | / ( dD/dA ) displaced toward the 
longer wavelength side from the shorter wavelength end 
Aa - AAa of the zero-dispersion wavelength deviation 
range of the optical fiber 2. In this instance, in 
order to allow the four waves to be transmitted and 
allow the zero-dispersion wavelength deviation AAa to be 
set as great as possible, the wavelength As p n - g u o (Aa 
- AAa) + AAspm-gud) and the wavelength A4 of the channel 
4 are set so as to coincide with each other. 

Further, in the present embodiment, the signal 
light waves of the four channels are arranged within a 
gain bandwidth AAe d f a (for example, such a range of 
1. 550 to 1, 560 nra as shown in FIG. 16) of an EDFA 
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connected to the optical fiber 2. 

It is to be noted that, though not illustrated 
in FIG. 23, also in the present embodiment, when the 
productivity of semiconductor lasers (light sources of 
signal light waves) and/or the optical wavelength 
variations of the signal light waves caused by the 
wavelength control accuracy are taken into 
consideration, the bandwidth AXw d m within which signal 
light waves of a plurality of channels are to be 
arranged is set in an expanded condition in accordance 
with such variations. 

By the way, while the case wherein an optical 
dispersion compensator is not employed is described 
above with reference to FIG. 23. another case wherein 
signal light arrangement of different channels is 
performed using an optical dispersion compensator will 
be described subsequently. In other words, with the 
optical wavelength multiplex transmission method of the 
eighth embodiment of the present invention, signal light 
waves of different channels can be arranged, for 
example, in such a manner as Illustrated in FIG. 24 by 
using an optical dispersion compensator. 

In particular, signal light waves of four 
channels are first arranged outside a transmissible band 
AAs p n - g u o defined by an allowable dispersion value 
Da i low determined by an SPM-GVD effect in the optical 
fiber 2 as illustrated in the upper half of FIG. 24, and 
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1 then the zero-dispersion wavelength Xa of the optical 
fiber 2 is shifted to Xa ' using an optical dispersion 
compensator as illustrated in the lower half of FIG, 24 
to arrange the signal light waves of the four channels 
5 apparently within the transmissible band AXs p n - g u d . 

In this instance, the signal light waves of the 
four channels are arranged, before shifting by the 
optical dispersion compensator is performed, at an equal 
spacing AXs on the longer wavelength side than the 

10 wavelength Xa -»- AXe + AX* and within the gain bandwidth 
AXe d r a of the EDFA similarly as in the example of an 
arrangement described hereinabove with reference to FIG. 
23. It is to be noted that the wavelength Xi of the 
channel 1 is set so as to coincide with the wavelength 

15 Xa + AXe * AXg displaced by AXa + AX« toward the longer 
wavelength side from the zero-dispersion wavelength Xa. 

Then, the actual zero-dispersion wavelength Xa 
is shifted by AXd c (= Xa* - Xa) toward the longer 
wavelength side by means of the optical dispersion 

20 compensator thereby to apparently arrange the si-gnal 
light waves of the four channels within the 
transmissible band AXs p n - g u d . 

It is to be noted that also FIG. 24 illustrates 
the case wherein, as described hereinabove in connection 

^ with the seventh embodiment with reference to FIG. 14. 
an area over which the range of AXs p m - g u d displaced 
toward the longer wavelength side from the lower limit 
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1 of the zero-dispersion wavelength deviation and the 
range of AXs p n - g u d displaced toward the shorter 
wavelength side from the lower limit of the zero- 
dispersion wavelength deviation overlap with each other 
5 is made coincide with the signal light bandwidth AXw d n 
so that the zero-dispersion wavelength deviation AXb is 
allowed to be set to the maximum as described 
hereinabove in connection with the seventh embodiment 
with reference to FIG 14. 

10 Further, though not illustrated in FIG. 24. when 

the productivity of semiconductor lasers (light sources 
of the signal light waves) and/or the optical wavelength 
variations of the signal light waves caused by the 
wavelength control accuracy are taken into 

15 consideration, the bandwidth AXu on within which signal 
light waves of a plurality of channels are to be 
arranged is set in an expanded condition in accordance 
with such variations. 

Further, though not illustrated in FIG. 24, 

2 0 where an optical dispersion compensator is employed as 
described above, taking the dispersion compensation 
amount deviation range ±8Xdc of the optical dispersion 
compensator into consideration, the signal light 
bandwidth AXu d n is set expanding the same by the 

25 dispersion compensation amount deviation range 5Xdc on 

the opposite sides of the longer wavelength side and the 
shorter wavelength side. Further, for the optical 
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dispersion compensator, such optical dispersion 
compensators, for example, as hereinafter described in 
connection with ninth to fifteenth embodiments of the 
present invention can be employed. 

While, in the examples of FIGS. 23 and 24 
described hereinabove, the cases wherein the zero- 
dispersion wavelength deviation AXa has the minimum 
value and the maximum value, respectively, have been 
described, the relationship of the zero-dispersion 
wavelength Xa and the dispersion compensation wavelength 
shift amount AXd c to the deviation AXe where signal 
light waves are arranged on the longer wavelength side 
than the zero-dispersion" wavelength Xa is illustrated in 
FIG. 25. Also in FIG. 25. similar numerical values to 
15 those described hereinabove in connection with the 
seventh embodiment with reference to FIG. 22 are 
applied. However, in FIG. 25, the slope of the zero- 
dispersion wavelength Xa relative to the deviation AXa 
is set opposite to that illustrated in FIG. 22 in order 
to arrange the signal light waves on the longer 
wavelength side than the zero-dispersion wavelength Xa . 

In this manner, similar advantages to those 
described hereinabove in connection with the seventh 
embodiment can be achieved by the optical wavelength 
multiplex transmission method of the eighth embodiment. 

It is to be noted that, while, in the eighth 
embodiment described above, the case wherein the signal 
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light waves of the four channels are to be arranged has 
been described, the present invention is not limited to 
this, and the signal light waves of the channels can be 
arranged on the opposite sides of the zero-dispersion 
wavelength A,a. In this instance, when optical 
dispersion compensation is involved, different optical 
dispersion compensators of the opposite positive and 
negative signs must necessarily be used for the channels 
on the shorter wavelength side and the longer wavelength 
side of the zero-dispersion wavelength Xa. 
I. Ninth Embodiment 

Subsequently, an optical dispersion compensation 
method as a ninth preferred embodiment of the present 
invention will be described. FIG. 26 shows, in block 
diagram, an optical dispersion compensation system to 
which the optical dispersion compensation method is 
applied. Referring to FIG. 26, the optical dispersion 
compensation system shown is denoted at 20 and includes 
a transmitter 21 for converting an electric signal into 
an optical signal and transmitting the optical signal, 
and a plurality of repeaters 22 inserted in an optical 
transmission line (optical fiber 2). Such an in-line 
repeater or a r e g ene r a t l v e - r e p e a t e r as described 
hereinabove may be employed for the repeaters 22. 

The optical dispersion compensation system 20 
further includes a receiver 23 for converting a received 
optical signal into an electric signal. The transmitter 
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1 21 and the receiver 23 are interconnected by way of the 
optical fiber 2 with the repeaters 22 interposed in the 
optical fiber 2. In the optical transmission system 20, 
signal light from the transmitter 21 is transmitted to 
5 the receiver 23 by way of the repeaters 22 and the 
optical fiber 2. 

The optical dispersion compensation system 20 
further includes two kinds of optical dispersion 
compensator units including an optical dispersion 

10 compensator unit 24A having a positive dispersion amount 
+ B and another optical dispersion compensator unit 24B 
having a negative dispersion amount -B. The two kinds 
of optical dispersion compensator units 24A and 24B are 
prepared in advance and are interposed in the optical 

15 transmission system 20, that is, at any location of the 
optical fiber 2. the transmitter 21, the repeaters 22 
and the receiver 23. 

By the way. where the optical transmission 
system 20 is such an optical amplifier regenera t i ve- 

20 repeater system as described hereinabove with reference 
to FIG. 15, since the allowable dispersion value 
decreases as the r egener a t l v e - r epea t e r span increases as 
described hereinabove with reference to FIG. 19, an 
optical dispersion compensator for restraining the 

9 S 

arrangement positions of the channels (signal light) 
within an allowable dispersion range for the arrangement 
positions is essentially required. 
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Further, while. in the first to eighth 
embodiments described hereinabove, the zero-dispersion 
wavelength of the optical fiber 2 and the signal light 
wavelength are separated from each other in order to 
eliminate otherwise possible crosstalk by FWM in the WDM 
method which makes use of a band in the proximity of the 
zero-d l spers l on wavelength of the optical fiber 2. 
dispersion compensation by the corresponding amount 
(refer particularly to the examples of FIGS. 14 and 24 
in the seventh and eighth embodiments) is required. 
Such dispersion compensation is required also for one- 
wave transmission or SMF transmission. 

Particularly in the case of an optical 
communication system on land, since the repeater span is 
not fixed and besides the zero-dispersion wavelength of 
an actual optical fiber exhibits a deviation in the 
longitudinal direction, it is difficult to set the 
dispersion amounts of different repeater sections equal 
to each other. Therefore, when a signal light 
wavelength is set in the proximity of the zero-, 
dispersion wavelength of the DSF (optical fiber 2). 
there is even the possibility that the positive or 
negative sign of the dispersion amount may be different 
among different repeater sections. 

Thus, in the present ninth embodiment, in order 
to compensate for the dispersion amount of the optical 
transmission system 20. the two kinds of optical 
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dispersion compensator units 24A and 24B prepared in 
advance are inserted into the optical transmission 
system 20, and one of the optical dispersion compensator 
units 24A and 24B which provides a better transmission 
characteristic to the optical transmission system 20 is 
selected and incorporated into the optical transmission 
system 20. 

Consequently, when an accurate dispersion amount 
cannot be measured and the zero-dispersion wavelength 
deviation can be grasped to some degree, the dispersion 
amount of the optical transmission system 20 can be 
compensated for readily. 

On the other hand, when the dispersion amount of 
the optical transmission system 20 can be measured, by 
15 selecting one of the optical dispersion compensator 
units 24A and 24B which has the sign opposite to the 
sign of the measured dispersion amount, the dispersion 
amount of the optical transmission system 20 can be 
compensated for with a higher degree of certainty. 

In this manner, with the optical dispersion 
compensation method of the ninth embodiment, the 
waveform degradation by an SPH-GVD effect or the 
dispersion amount of a guard band can be compensated for 
without designing or producing optical dispersion 
compensators conforming to individual transmission 
lines, and reduction of the number of steps and 
reduction of the time until an optical communication 
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system is built up can be realized. 

Here, an example of detailed numerical values of 
the ninth embodiment will be described. If it is 
assumed that the transmission rate is 10 Gbps; the in- 
line repeater span Li n - i i „ • is 70 km: the variation of 
the optical output of each optical amplifier is ±2 dB. 
from FIG. 19. the maximum regenerative-repeater span is 
280 km at the allowable dispersion value Dii u« = ±1 
f>s/(nm-km). and accordingly, the dispersion compensation 
of ±280 ps/nm is required for the dispersion amount of 
signal light after transmission of 280 km. Therefore, 
where the transmission line dispersion amount is. for 
example. +1, 200 ps/nm, when the optical dispersion 
compensator units 24A and 24B of the dispersion amounts 
-1,000 ps/nm and -1.000 ps/nm are prepared, if the 
optical dispersion compensator unit 24B of the 
dispersion amount -1.000 ps/nm is inserted into the 
transmission line, then the total dispersion amount is 
+200 ps/nm, and therefore, transmission is possible. 
J. Tenth Embodiment 

Subsequently, an optical dispersion compensation 
method of a tenth preferred embodiment of the present 
invention will be described. FIG. 27 shows, in block 
diagram, an optical dispersion compensation apparatus to 
which the optical dispersion compensation method is 
applied. In FIG. 27, like elements are denoted by like 
reference characters to those of FIG. 26. and 
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overlapping description thereof is omitted herein to 
avoid redundancy 

While, in the ninth embodiment described above, 
the two kinds of optical dispersion compensator units 
having the positive dispersion amount +B and the 
negative dispersion amount -B are prepared in advance, 
in the present tenth embodiment, a plurality of kinds of 
optical dispersion compensators 25A and 25B having 
different dispersion amounts having different positive 
and negative signs are prepared in advance. 

Here, two kinds of optical dispersion 
compensator units 25A and 25B having dispersion amounts 
Bl and B2 are prepared each by a plural number, and an 
optical dispersion compensator unit 25 which is 
constituted from a combination of such optical 
dispersion compensation units 25A and 25B is inserted 
into the optical transmission system 20, that is, at any 
portion of the optical fiber 2. the transmitter 21, the 
repeaters 22 and the receiver 23. 

Further, in the present embodiment, at a cite at 
which an optical communication system is to be 
installed, the two kinds of optical dispersion 
compensator units 25A and 253 are inserted into the 
optical transmission system 20 changing the number and 
the combination of units to be installed, and the 
transmission characteristic, particularly the code error 
rate, of the optical transmission system 20 is measured. 
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Then, an optical dispersion compensator unit 2 5 of the 
number and the combination of units which provide a good 
transmission characteristic (in FIG. 27, the combination 
of three optical dispersion compensator units 25A and 
one optical dispersion compensator unit 25B) is 
selectively determined from the two kinds of optical 
dispersion compensator units 25A and 25B and 
incorporated into the optical transmission system 20. 

Consequently, even when the zero-dispersion 
wavelength deviation is not known or when the zero- 
dispersion and the signal light wavelength are displaced 
by a great amount from each other, the dispersion amount 
of the optical transmission system 20 can be compensated 
for readily and optimally. 

In contrast, when the dispersion amount of the 
optical transmission system 20 can be measured, the 
dispersion amount is measured first, and then an optical 
dispersion compensator unit 25 of the installation 
number and the combination of units with which the 
dispersion value of signal light falls within a 
transmissible dispersion value range is selectively 
determined from the two kinds of optical dispersion 
compensator units 25A and 25B and incorporated into the 
optical transmission system 20. Consequently, the 
dispersion amount of the optical transmission system 20 
can be compensated for so that it can be accommodated 
into the allowable dispersion value range with 
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1 certainty. 

In this manner, also with the optical dispersioi 
compensation method of the tenth embodiment, the 
waveform degradation by an SPM-GVD effect or the 
5 dispersion amount of a guard band can be compensated for 
without designing or producing optical dispersion 
compensators conforming to individual transmission 
lines, and reduction of the number of steps and 
reduction of the time until an optical communication 
10 system is built up can be realized. 

It is to be noted that, while, in the tenth 
embodiment described above, description has been given 
of the case wherein two kinds of optical dispersion 
compensator units are prepared in advance, the present 
15 invention is not limited to this. 

Here, an example of detailed numerical values of 
the tenth embodiment will be described. Where the 
dispersion compensation of ±280 ps/nm is required as a 
dispersion amount for signal light after transmission 
20 over the distance of 280 km. if it is assumed that 
optical dispersion compensator units having the 
dispersion amounts Al. A2, Bl and B2. for example, of 
-300 ps/nm. +100 ps/nm. -300 ps/nm and -100 ps/nm. 
respectively, are prepared in advance, then if three 

2 5 

optical dispersion compensator units of the dispersion 
amount Bl and one optical dispersion compensator unit of 
the dispersion amount B2 are inserted in combination 
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into the transmission 1 me. then the total dispersion 
amount is ^200 ps/nm. which allows transmission. 
K Eleventh Embodiment 

Subsequently, an optical dispersion compensation 
method of an eleventh preferred embodiment of the 
present invention will be described. FIG. 28 shows, in 
block diagram, an optical dispersion compensation 
apparatus to which the optical dispersion compensation 
method is applied, and FIGS. 29 and 30 show different 
modifications to the optical dispersion compensation 
apparatus. It is to be noted that, while, in the ninth 
and tenth embodiments described above, description has 
been given only of transmission of one signal light 
wave, in the present embodiment, description will be 
given of the case wherein signal light waves 
(wavelengths Xt to Xa ) of four channels are wavelength 
multiplexed and transmitted. 

As seen from FIG. 28. also in the present 
embodiment, an optical transmission system 20 is 
constituted from a transmitter 21. a plurality of 
repeaters 22 and a receiver 23 interconnected by an 
optical fiber 2. However, in the present eleventh 
embodiment! the transmitter 21 is constructed so as to 
first convert electric signals of different channels 
into signal light waves having different wavelengths or 
frequencies from one another and then multiplex the 
signal light waves by optical wavelength multiplexing. 



t 



- 91 - 



To this end. the 



transmitter 21 includes a plurality of 



electro-optical conversion sections (E/01 to E/04) 21a 
provided for the individual channels for converting 
electric signals of the channels into signal light waves 
5 of the predetermined wavelengths, and an optical 

multiplexing section 21b for receiving signal light 
waves from the electro-optical conversion sections 21a 
for the individual channels and multiplexing the 
received signal light waves. 

10 Meanwhile, the receiver 23 demultiplexes 

multiplexed signal light transmitted thereto from the 
transmitter 21 by way of the optical fiber 2 and the 
repeaters 22 and converts signal light waves obtained by 
such demultiplexing individually into electric signals. 

15 To this end, the receiver 23 includes an optical 
demultiplexing section 23a for demultiplexing and 
distributing multiplexed signal light into different 
channels, and a plurality of opto-electric conversion 
sections (0/E1 to 0/E4) 23b provided individually for 

20 the channels for converting signal light waves of the 
channels distributed thereto from the optical 
demultiplexing section 23a into electric signals. 



Further, in the present embodiment, optica 



1 



d i s 



persion compensator units 25 are interposed between 



25 



the 



electro-optical conversion sections 21a and the 



opt 



ical multiplexing section 21b of the transmitter 21. 



In 



particular, a suitable number and combination of 
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1 optical dispersion compensator units 25A and 25B are 

provided for each of signal light waves of wavelengths 
Xt to X* before wavelength multiplexing. 

In the arrangement shown in FIG. 28, for the 
5 channel of the wavelength Xt . only one optical 

dispersion compensator unit 25A of the dispersion amount 
Bl is provided: for the channel of the wavelength Xa . 
one optical dispersion compensator unit 25A of the 
dispersion amount Bl and one optical dispersion 

10 compensator unit 25B of the dispersion amount B2 are 
provided: for the channel of the wavelength X3 , one 
optical dispersion compensator unit 25A of the 
dispersion amount Bl and two optical dispersion 
compensator units 25B of the dispersion amount B2 are 

15 provided; and for the channel of the wavelength X4. one 
optical dispersion compensator unit 25A of the 
dispersion amount Bl and three optical dispersion 
compensator units 25B of the dispersion amount B2 are 
pro v i ded. 

20 In this instance, when the installation number 

and the combination of the optical dispersion 
compensator units 25A and 25B arranged for the different 
channels are to be selected, as described hereinabove in 
the ninth and tenth embodiments, those which provide 

25 good transmission characteristics for the individual 

channels may be selected by trial and error or, when the 
dispersion value of the optical transmission system 20 
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I can be measured, those with which the dispersion values 
of signal light waves fall within transmissible 
dispersion value ranges may be selected in accordance 
with a result of the measurement. 
5 While the arrangement wherein the optical 

dispersion compensator units 25 are provided in the 
transmitter 21 are shown in FIG. 28. such optical 
dispersion compensator units 25 may be provided 
alternatively in each repeater 22 or the receiver 23 as 

10 seen in FIG. 29 or 30. 

As shown in FIG. 29, where the optical 
dispersion compensator units 25 are provided in each 
repeater 22, the repeater 22 includes, in addition to an 
optical amplifier 22a constituting the repeater 22, an 

15 optical demultiplexing section 22b provided at a next 
stage to the optical amplifier 22a for demultiplexing 
signal light amplified by the optical amplifier 22a into 
individual signal light waves of different wavelengths 
k\ to Xa by wavelength demultiplexing, an optical 

20 dispersion compensator unit 25 provided for each of the 
channels of signal light waves of the wavelengths kx to 
ki demultiplexed by the optical demultiplexing section 
22b and including a suitable installation number and a 
suitable combination of optical dispersion compensator 

2 ^ units 25A and 25B. and an optical multiplexing section 
22c for multiplexing signal light waves of the channels 
dispersion compensated for by the optical dispersion 
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compensator units 25 back into signal light by 
wavelength multiplexing and sending out the thus 
multiplexed signal light into a transmission line. It 
is to be noted that the optical demultiplexing section 
22b, the optical dispersion compensator units 25 and the 
optical multiplexing section 22c may be provided 
otherwise at a preceding stage to the optical amplifier 
22a. 

On the other hand, where the optical dispersion 
compensator units 25 are to be provided in the receiver 
23. as shown in FIG. 30, they are interposed between the 
optical demultiplexing section 23a and the opto-electric 
conversion sections 23b of the receiver 23. In 
particular, a suitable installation number and a 
suitable combination of optical dispersion compensator 
units 25A and 25B are provided for each of the signal 
light waves of the wavelengths X\ to \a after wavelength 
demultiplexi ng. 

In this manner, with the optical dispersion 
compensation method of the eleventh embodiment, also 
where the optical transmission system 20 performs 
optical wavelength multiplex transmission to multiplex 
and transmit signal light waves of different 
wavelengths, similar advantages to those described 

2 "~ 

° hereinabove in connection with the ninth and tenth 
embodiments can be attained by providing a suitable 
installation number and a suitable combination of 
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1 optical dispersLon compensator uni ts 25A and 25B for 
each wavelength. 

It is to be noted that, while the embodiment 
described above involves four channels of signal light 
5 waves to be multiplexed and two kinds of optical 

dispersion compensator units prepared in advance for 
dispersion compensation for the individual channels, the 
present invention is not limited to this. 
L. Twelfth Embodiment 

10 Subsequently, an optical dispersion compensation 

method of a twelfth preferred embodiment of the present 
invention will be described. FIG. 31 shows, in block 
diagram, an optical dispersion compensation apparatus to 
which the optical dispersion compensation method is 

15 applied, and FIGS. 32 and 33 show different 

modifications to the optical dispersion compensation 
apparatus. It is to be noted that like reference 
characters denote like elements to those described 
hereinabove, and overlapping description thereof is 

20 omitted herein to avoid redundancy. 

While, in the eleventh embodiment described 
above, description has been given of the case wherein a 
suitable installation number and a suitable combination 
of optical dispersion compensator units 25A and 25B are 

2s provided for each wavelength, in the present twelfth 
embodiment, a suitable installation number and a 
suitable combination of optical dispersion compensator 
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1 units 25A and 25B are provided in the optical 

transmission system 20 for each channel group including 
a plurality of signal light waves (two signal light 
waves in the present embodiment). 
5 In particular. FIGS. 31 to 33 illustrate 

different arrangements wherein optical dispersion 
compensator units 25 are provided in the transmitter 21. 
each of the repeaters 22 and the receiver 23, 
respectively. Where the optical dispersion compensator 

10 units 25 are provided in the transmitter 21 as shown in 
FIG. 31. the optical multiplexing section 21b of the 
transmitter 21 described hereinabove includes an optical 
multiplexing section 21a for multiplexing signal light 
waves of the wavelengths kx and Xa from the electro- 

15 optical conversion section 21a. another optical 

multiplexing section 21d for multiplexing signal light 
waves of the wavelengths X3 and X* from the electro- 
optical conversion section 21a, and a further optical 
multiplexing section 21e for multiplexing two signal 

20 light beams multiplexed by the optical multiplexing 
sections 21c and 21d. 

An optical dispersion compensator unit 25 is 
mterposed between each of the multiplexing sections 21c 
and 21d and the optical multiplexing section 21e. In 

25 other words, a suitable installation number and a 

suitable combination of optical dispersion compensator 
units 25A and 25B are provided for each of channel 
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groups each including two signal light waves. 

For example, in the arrangement shown in FIG. 
31. for the channel group of the wavelengths At and Xz , 
only one optical dispersion compensator unit 25A of the 
dispersion amount Bl is provided; and for the channel 
group of the wavelengths A3 and Ai , one optical 
dispersion compensator unit 25A of the dispersion amount 
Bl and one optical dispersion compensator unit 25B of 
the dispersion amount B2 are provided. 

In this instance, when the installation number 
and the combination of the optical dispersion 
compensator units 25A and 25B to be arranged for the 
different channels are to be selected, as described 
hereinabove in the ninth and tenth embodiments, those 
which provide good transmission characteristics for the 
individual channels may be selected by trial and error 
or, when the dispersion amount of the optical 
transmission system 20 can be measured, those with which 
the dispersion values of signal light waves fall within 
a transmissible dispersion value range may be selected 
in accordance with a result of the measurement. 

Meanwhile, where the optical dispersion 
compensator units 25 are provided in each repeater 22 as 
shown in FIG. 32, the repeater 22 includes. in addition 
to the optical amplifier 22a constituting the repeater 
22, an optical demultiplexing section 22d provided at a 
next stage to the optical amplifier 22a for 
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1 demultiplexing signal Light amplified by the optical 

amplifier 22a into two channel groups including a group 
of the wavelengths Ai and A.2 and another group of the 
wavelengths A3 and A4 by wavelength demultiplexing, an 
5 optical dispersion compensator unit 25 provided for each 
of the channel groups demultiplexed by the optical 
demultiplexing section 22d and including a suitable 
installation number and a suitable combination of 
optical dispersion compensator units 25A and 25B. and an 

10 optical multiplexing section 22e for multiplexing signal 
light waves of the channel groups dispersion compensated 
for by the optical dispersion compensator units 25 back 
into signal light by wavelength multiplexing and sending 
out the thus multiplexed signal light into the 

15 transmission line. It is to be noted that the optical 
demultiplexing section 22d, the optical dispersion 
compensator units 25 and the optical multiplexing 
section 22e may be provided otherwise at a preceding 
stage to the optical amplifier 22a. 

2^ On the other hand, where the optical dispersion 

compensator units 25 are to be provided in the receiver 
23. as shown in FIG. 33. the optical demultiplexing 
section 23a of the receiver 23 described above includes 
an optical demultiplexer 23c for demultiplexing received 

25 signal light into a channel group of the wavelengths At 
and Aa and another channel group of the wavelengths A3 
and A4. another optical demultiplexing section 23d for 
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demultiplexing the channel group of the wavelengths Xi 
and X2 into signal light waves of the wavelengths Xi and 
X2, and a further optical demultiplexing section 23e for 
demultiplexing the channel group of the wavelengths X3 
and X4 into signal light waves of the wavelengths X3 and 

X4 . 

Further, an optical dispersion compensator unit 
25 is interposed between the optical demultiplexing 
section 23c and each of the optical demultiplexing 
sections 23d and 23e. In particular, a suitable 
installation number and a suitable combination of 
optical dispersion compensator units 25A and 25B are 
provided for each of the channel groups each including 
two signal light waves. 

In this manner, with the optical dispersion 
compensation method of the twelfth embodiment, also 
where the optical transmission system 20 performs 
optical wavelength multiplex transmission to multiplex 
and transmit signal light waves of different 
wavelengths, similar advantages to those described 
hereinabove in connection with the ninth and tenth 
embodiments can be attained by providing a suitable 
installation num-ber and a suitable combination of 
optical dispersion compensator units 25A and 25B for 
each channel group. 

It is to be noted that, while the embodiment 
described above involves four channels of signal light 
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waves to be multiplexed and two kinds of optical 
dispersion compensator units prepared in advance for 
dispersion compensation for the individual channels and 
besides involves separation of the channels into two 
channel groups, the present invention is not limited to 
this. 

M. Thirteenth Embodiment 

Subsequently, an optical dispersion compensation 
method of a thirteenth preferred embodiment of the 
present invention will be described. FIG. 34 shows, in 
block diagram, an optical dispersion compensation 
apparatus to which the optical dispersion compensation 
method is applied, and FIGS. 35 and 36 show different 
modifications to the optical dispersion compensation 
apparatus. It is to be noted that like reference 
characters denote like elements to those described 
hereinabove, and overlapping description thereof is 
omitted herein to avoid redundancy. 

While, in the eleventh or twelfth embodiment 
described above, description has been given of the case 
wherein a suitable installation number and a suitable 
combination of optical dispersion compensator units 25A 

nd 25B are provided for each wavelength or for each 
channel group, in the present thirteenth embodiment, a 

uitable installation number and a suitable combination 
of optical dispersion compensator units 25A and 25B are 
provided in the optical transmission system 20 for all 
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L of signal light waves of a plurality of channels (four 
channels m the arrangement shown in FIG. 34). 

In particular, FIGS. 34 to 36 illustrate 
different arrangements wherein an optical dispersion 
5 compensator unit 25 is provided in the transmitter 21. 
each of the repeaters 22 and the receiver 23. 
respectively. Where the optical dispersion compensator 
unit 25 is provided in the transmitter 21 as shown in 
FIG 34. the optical dispersion compensator unit 25 is 

10 provided at a next stage to the optical multiplexing 
section 21b of the transmitter 21 and includes a 
suitable installation number and a suitable combination 
of optical dispersion compensator units 25A and 25B. 
For example, in the arrangement shown in FIG. 34, one 

15 optical dispersion compensator unit 25A of the 
dispersion amount Bl and one optical dispersion 
compensator unit 25B of the dispersion amount B2 are 
provi ded. 

In this instance, when the installation number 
20 and the combination of the optical dispersion 

compensator units 25A and 25B to be arranged for all of 
the signal light waves are to be selected, as described 
hereinabove in the ninth and tenth embodiments, those 
which provide good transmission characteristics for the 
25 individual channels may be selected by trial and error 
or. when the dispersion amount of the optical 
transmission system 20 can be measured, those with which 
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the dispersion values of signal light waves fall within 
a transmissible dispersion value range may be selected 
in accordance with a result of the measurement 

Meanwhile, where the optical dispersion 
compensator unit 25 is provided in each repeater 22 as 
shown in FIG. 35. it is located at a next stage to the 
optical amplifier 22a constituting the repeater 22 and 
includes a suitable installation number and a suitable 
combination of optical dispersion compensator units 25A 
and 25B. It is to be noted that the optical dispersion 
compensator unit 25 may be provided otherwise at a 
preceding stage to the optical amplifier 22a. 

On the other hand, where the optical dispersion 
compensator unit 25 is to be provided in the receiver 
23. as shown in FIG. 36, it is located at a preceding 
stage to the optical demultiplexing section 23a of the 
receiver 23 and includes a suitable installation number 
and a suitable combination of optical dispersion 
compensator units 25A and 25B. 

In this manner, with the optical dispersion 
compensation method of the thirteenth embodiment, also 
where the optical transmission system 20 performs 
cptical wavelength multiplex transmission to multiplex 
and transmit signal light waves of different 
wavelengths, similar advantages to those described 
hereinabove in connection with the ninth and tenth 
embodiments can be attained by providing a suitable 
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1 installation number and a suitable combination of 

optical dispersion compensator units 25A and 25B for all 
of signal light waves of the channels. 

It is to be noted that, while the embodiment 
5 described above involves four channels of signal light 
waves to be multiplexed and two kinds of optical 
dispersion compensator units prepared in advance for 
dispersion compensation for the individual channels, the 
present invention is not limited to this. 

10 Further, in the tenth to thirteenth embodiments 

described above, it is important to design the 
dispersion values of the involved optical dispersion 
compensator units taking the wavelength spacing between 
the channels and the dispersion slope dD/dX of the 

15 transmission line into consideration and reduce the 

number of types of optical dispersion compensator units 

as small as possible. 

N. Fourteenth Embodiment 

Subsequently, an optical dispersion compensation 

20 method of a fourteenth preferred embodiment of the 

present invention will be described. FIG. 37 shows, in 
block diagram, an optical dispersion compensation 
apparatus to which the optical dispersion compensation 
method is applied, and FIGS. 38(a) and 38(b) show a 

^ modification to the optical dispersion compensation 

apparatus while FIG. 39 show another modification to the 
optical dispersion compensation apparatus and FIG. 40 
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shows an example of the construction of a packet based 
on the modified optical dispersion compensation 
apparatus of FIG. 39. It is to be noted that like 
reference characters denote like elements to those 
described hereinabove, and overlapping description 
thereof is omitted herein to avoid redundancy. 

While, in the ninth to thirteenth embodiments 
described above, description has been given of the 
arrangement means for the optical dispersion compensator 
units 24A, 24B. 25. 25A and 25B. in the present 
fourteenth embodiment, examples of a detailed 
construction and insertion installation means of the 
optical dispersion compensator units 25. 25A and 25B 
themselves will be described. 

For example, as shown in FIG. 37, an optical 
amplifier 26 is additionally provided at a preceding 
stage or a next stage to each of optical dispersion 
compensator units 25A and 25B constituting an optical 
dispersion compensator unit 25 for compensating the 
optical loss by the optical dispersion compensator unit 
25A or 25B. 

By the way, various types of optical dispersion 
compensators have been proposed so far including the 
dispersion compensating fiber type, the transversal 
filter type and the optical resonator type. While 
dispersion compensation fibers having a dispersion value 
higher than -100 ps/(nm-km) are manufactured at present 
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by contriving the shape of the core, with such 
dispersion compensation fibers, the optical loss is high 
although a dispersion compensation amount can be 
adjusted readily by the length of the fiber. 

Thus, where the optical dispersion compensator 
units 25A and 25B are integrated with an optical 
amplifier 26 such as an EDFA as in the fourteenth 
embodiment, the optical loss of the dispersion 
compensation fiber can be compensated for. 

It is to be noted that, while an optical 
amplifier 26 is additionally provided for each optical 
dispersion compensator unit 25A or 25B in FIG. 37, only 
one optical amplifier 26may otherwise be provided for 
each group (optical dispersion compensation unit 25) of 
optical dispersion compensator units 25A and 25B as 
shown in FIG. 38(a) or 38(b). 

Alternatively, a pair of optical amplifiers 26A 
and 26B are additionally provided at both of a preceding 
stage and a next stage to each group (optical dispersion 
compensator unit 25) of optical dispersion compensator 
units 25A and 25B as shown in FIG. 39. 

Where only one amplifier is provided, not only a 
high gain sufficient to compensate for both of the 
transmission line loss and the optical loss at the 
optical dispersion compensator unit 25 is required, but 
where the optical dispersion compensator unit 25 having 
a high optical loss is located at a preceding stage to 
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the optical amplifier 26. this makes a cause to degrade 
the N F significantly. This must be eliminated 
particularly where an optical dispersion compensator 
unit 25 is inserted in a 1R repeater in an optical 
amplifier multi-repeater system. 

Therefore, where such a construction as shown in 
FIG. 39 wherein the two optical amplifiers 26A and 26B 
are provided on the opposite front and rear ends of the 
optical dispersion compensator unit 25 is employed, the 
NF of the entire 1R repeater can be reduced low by 
minimizing the NF of the optical amplifier at the 
preceding stage, and a sufficient gain can be assured by 
means of the two stages of optical amplifiers 26A and 
26B. 

Incorporation of such an optical dispersion 
compensator unit 25 as described above into the 
transmitter 21, each of the repeaters 22 or the receiver 
23 is performed, for example, in the following manner. 
A space sufficient to allow insertion of an optical 
dispersion compensator unit 25 therein is assured in 
advance in each of the transmitter 21, the repeaters 22 
and the receiver 23. and after installation of the 
system, optimum optical dispersion compensator units 25 
conforming to the transmission line (optical 
transmission system 20) are additionally inserted into 
the spaces to incorporate the optical dispersion 
compensators 25 into the optical transmission system 20. 
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Meanwhile, electronic parts and optical parts in 
an optical transmission apparatus are generally mounted 
on a printed circuit board (a printed circui t board on 
which electronic parts and/or optical parts are mounted 
in this manner is called package), and such package in 
most cases has a structure which allows mounting and 
dismounting onto and from an apparatus support frame- 
Thus, a dispersion compensation package having 
optical dispersion compensator units mounted thereon may 
be provided so that it may be mounted and dismounted 
onto and from an apparatus supporting frame. For 
example, a package obtained by packaging the optical 
dispersion compensator unit 25 shown in FIG. 39 is shown 
in FIG. 40. Referring to FIG. 40. an optical dispersion 
compensator unit 25 including a pair of front and rear 
optical amplifiers 26A and 26B and three optical 
dispersion compensator units 25A and 258 of two 
different types is mounted on a printed circuit board 27 
to constitute a dispersion compensation package 28. It 
is to be noted that each of the optical dispersion 
compensator units 25A and 25B is constituted from a 
dispersion compensation fiber (optical fiber 2) wound by 
a predetermined length around a small bobbin located on 
the printed circuit board 27. 

Where such a dispersion compensation package 28 
as described above is employed, optical dispersion 
compensator units 25 can be replaced or incorporated 
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readily m units of a package. Consequently, the 
dispersion compensation amount can be varied readily. 
0. Fifteenth Embodiment 

Subsequently, an optical dispersion compensation 
method of a fifteenth preferred embodiment of the 
present invention will be described. FIG. 41 shows, in 
block diagram, an optical dispersion compensation 
apparatus to which the optical dispersion compensation 
method is applied, and FIGS. 42 and 43 show different 
modifications to the optical dispersion compensation 
apparatus. It is to be noted that like reference 
characters denote like elements to those described 
hereinabove, and overlapping description thereof is 
omitted herein to avoid redundancy. 

In the fifteenth embodiment, such an optical 
dispersion compensator unit 32 is built in each of the 
transmitter 21. the repeaters 22 and the receiver 23 
which constitute the optical transmission system 20. 

Referring to FIG. 41. the optical dispersion 
compensator unit 32 includes three stages of optical 
dispersion compensator units 25A to 25D of a plurality 
of different kinds (four kinds having dispersion amounts 
Bl to B4 in the arrangement shown in FIG. 41) having 
different dispersion amounts having different positive 
and negative signs, and switches (switching means) 29A 
to 29C connected to the three stages of optical 
dispersion compensator units 25A to 25D for switching 



r 



- 109 - 

1 the selective combination of the optical dispersion 

compensator units 25A to 25D. When each of the switches 
29A to 29C is operated for switching, one of the four 
kinds of optical dispersion compensator units 25A to 25D 
5 of the corresponding stage is selected, and 

consequently, by operation of the switches 29A to 29C, a 
suitable combination of three optical dispersion 
compensator units 25A to 25D can be selectively 
incorporated into the optical transmission system 20. 

10 It is to be noted that each of the switches 29A 

to 29C may be means for wiring any of the optical 
dispersion compensator units 25A to 25D by means of an 
optical fiber (mechanical connection or mechanical 
switch) or means for selecting a connection route by 

15 means of an optical switch. The optical switch may be 
an optical waveguide switch or a spatial change-over 
switch. 

Further, as means for changing over each of the 
switches 29A to 29C. means for modifying the wiring 

20 system of the optical fiber or switching the optical 
switch on/off simply by a personal operation from the 
outside or means for automatically performing such 
changing over operation in response to an electric or 
optical control signal from the outside may be applied. 

25 Subsequently, detailed adaptations of a 

switching operation of the switches 29A to 29C in 
response to a control signal from the outside to select 



a suitable combination of three optical dispersion 
compensator units 25A to 25D will be described with 
reference to FIGS. 42 and 43 

In means for automatically performing a 
switching operation in response to a control signal, a 
control signal may be sent from a transmitter-receiver 
terminal office to each repeater 22. or as in the 
adaptation illustrated in FIG. 42. a control signal may 
be sent from a center office 30. which controls the 
entire system in a concentrated manner, to each of the 
switches 29A to 29C of the optical dispersion 
compensator unit 32 which are provided in each of the 
transmitter 21. the repeaters 22 and the receiver 23. 

Meanwhile, in the adaptation illustrated in FIG. 
43. the receiver 23 has a function of outputting a 
switching control signal to each of the switches 29A to 
29C of the optical dispersion compensator unit 32 
provided in each of the transmitter 21 and the repeaters 
22. and includes transmission characteristic measurement 
means 31 for measuring transmission characteristics 
(error rate, waveform and so forth) of the optical 
transmission system 20. 

Thus, the switches 29A to 29C are operated in 
response to control signals from the receiver 23 to 
successively change the selective combination of the 
optical dispersion compensator units 25A to 25D of the 
optical dispersion compensator units 32 while the 
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transmission characteristics of the optical transmissio 
system 2 0 are measured by the transmission 
characteristic measurement means 31 to determine a 
combination of optical dispersion compensator units 25A 
to 25D which provides optimum transmission 
characteristics of the optical transmission system 20. 
and then, the switches 29A to 29C are operated in 
response to control signals from the receiver 23 to 
change over the combination of optical dispersion 
compensator units 25A to 25D to the thus determined 
combination which provides the optimum transmission 
characteristics to the optical transmission system 20. 

In this manner, with the optical dispersion 
compensation method of the fifteenth embodiment, since a 
plurality of kinds of optical dispersion compensator 
units 25A to 25D are built in advance in each of the 
transmitter 21. the repeaters 22 and the receiver 23 of 
the optical transmission system 20 in such a connected 
condition that the combination of optical dispersion 
compensator units 25A to 25D can be selectively switched 
by way of the switches 29A to 29C. a suitable 
combination of optical dispersion compensator units 25A 
to 25D is selected from within the optical dispersion 
compensator units 25A to 25D by operating the switches 
29A to 29C. Particularly where the construction shown 
in FIG. 43 is employed, the combination of optical 
dispersion compensator units 25A to 25D can be 
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automatically changed over tc a combination which 
provides optimum transmission characteristics to the 
optical transmission system 20 

It is to be noted that, while, in the embodiment 
described above, description has been given of the case 
wherein an optical dispersion compensator unit 32 is 
built in each of the transmitter 21, the repeaters 22 
and the receiver 23 which constitute the optical 
transmission system 20, advantages similar to those 
described above can be obtained where such optical 
dispersion compensator unit 32 Is built in at least one 
of the transmitter 21, the repeaters 22 and the receiver 
23. 

The present invention is not limited to the 
specifically described embodiment, and variations and 
modifications may be made without departing from the 
scope of the present invention. 
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1 In an optical wavelength multiplex 
5 transmission method for multiplexing signal light waves 
of a plurality of channels having different wavelengths 
and transmitting the multiplexed signal light using an 
optical fiber, the improvement wherein: 

a four wave mixing suppressing guard band of a 
10 predetermined bandwidth including a zero-dispersion 
wavelength of said optical fiber is set: and 

the signal light waves of the plurality of 
channels to be multiplexed are arranged on one of a 
shorter wavelength side and a longer wavelength side 
15 outside the guard band. 



2. In an optical wavelength multiplex 
transmission method for multiplexing signal light waves 
of a plurality of channels having different wavelengths 
and transmitting the multiplexed signal light using an 
optical fiber, the improvement wherein: 

a four wave mixing suppressing guard band of a 
predetermined bandwidth including a zero-dispersion 
wavelength of said optical fiber is set; and 

the signal light waves of the plurality of 
channels to be multiplexed are arranged on the opposite 



sides of a shorter wavelength side and a longer 
wavelength side outside the guard band. 

3. An optical wavelength multiplex transmission 
method as claimed in claim 2. wherein the bandwidths of 
the guard bands are set in an asymmetrical relationship 
on the shorter wavelength side and the longer wavelength 
side with respect to the zero-dispersion wavelength of 
said optical fiber. 

4. An optical wavelength multiplex transmission 
method as claimed in claim 3. wherein the channel 
spacings between adjacent ones of the signal light waves 
of the plurality of channels are set different on the 
shorter wavelength side and the longer wavelength side 
outside the guard band. 

5. An optical wavelength multiplex transmission 
method as claimed in claim 3, wherein the channel 
spacings between adjacent ones of the signal light waves 
of the plurality of channels on each of the shorter 
wavelength side and the longer wavelength side outside 
the guard band are set to an integral number of times a 
constant. 



6. An optical wavelength multiplex transmission 
method as claimed in claim 5. wherein the channel 
spacings between the cha nnels of the signal light waves 
of the plurality of channels on the opposite sides of 
the guard band are set to the integral number of times 
the constant. 



7. An optical wavelength multiplex transmission 
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8. In an optical wavelength multiplex 
transmission method for multiplexing signal light waves 
of a plurality of channels having different wavelengths 
and transmitting the multiplexed signal light using an 
optical fiber, the improvement wherein: 

taking a zero-dispersion wavelength Xa of said 
optical fiber and a z e r o - d i s p e r s i o n wavelength deviation 
range ±AXa of said optical fiber in its longitudinal 
direction into consideration, the signal light waves of 
the plurality of channels to be multiplexed are arranged 
on a shorter wavelength side than a shorter wavelength 
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end Xa - AXa of the zero-d i spers i on wavelength deviation 
range of said optical f Lber. 



9. An optical wavelength multiplex transmission 
method as claimed in claim 8. wherein a four wave mixing 
suppressing guard band AX* is provided on the shorter 
wavelength side than the shorter wavelength end Xa - AXa 
of the zero-dispersion wavelength deviation range of 
said optical fiber, and the signal light waves of the 
plurality of channels are arranged on a shorter 
wavelength side than a wavelength Xa - AXa - AXg . 



10. In an optical wavelength multiplex 
transmission method for multiplexing signal light waves 
of a plurality of channels having different wavelengths 
and transmitting the multiplexed signal light using an 
optical fiber, the improvement wherein: 

taking a zero-dispersion wavelength Xa of said 
optical fiber and a zero-dispersion wavelength deviation 
range ±AXa of said optical fiber in its longitudinal 
direction into consideration, the signal light waves of 
the plurality of channels to be multiplexed are arranged 
on a longer wavelength side than a longer wavelength end 
Xa + AXa of the zero-dispersion wavelength deviation 
range of said optical fiber. 
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11. An optical wavelength multiplex 
transmission method as claimed in claim 10, wherein a 
four wave mixing suppressing guard band AX* is provided 
on the longer wavelength side than the longer wavelength 
end Xa AXa of the zero-dispersion wavelength deviation 
range of said optical fiber, and the signal light waves 
of the plurality of channels are arranged on a longer 
wavelength side than a wavelength Xa + AXa + AX* . 

12. An optical wavelength multiplex 
transmission method as claimed in claim 9. wherein the 
signal light waves of the plurality of channels are 
arranged within a transmissible band defined by an 
allowable dispersion value determined from a synergetic 
effect of self phase modulation and group velocity 
dispersion in said optical fiber. 

13. An optical wavelength multiplex 
transmission method as claimed in claim 11. wherein the 
signal light waves of the plurality of channels are 
arranged within a transmissible band defined by an 
allowable dispersion value determined from a synergetic 
effect of self phase modulation and group velocity 
dispersion in said optical fiber. 
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1 14. An optical wavelength multiplex 

transmission method as claimed in claim 12. wherein the 
signal iLght waves of the plurality of channels are 
arranged outside the transmissible band defined by the 
5 allowable dispersion value determined from the 

synergetic effect of self phase modulation and group 
velocity dispersion in said optical fiber, and the zero 
dispersion wavelength Xa of said optical fiber is 
apparently shifted using an optical dispersion 
10 compensator to apparently arrange the signal light waves 
of the plurality of channels into the transmissible 
band. 



15 15. An optical wavelength multiplex 

transmission method as claimed in claim 13. wherein the 
signal light waves of the plurality of channels are 
arranged outside the transmissible band defined by the 
allowable dispersion value determined from the 

20 synergetic effect of self phase modulation and group 

velocity dispersion in said optical fiber, and the zero 
dispersion wavelength Xe of said optical fiber is 
apparently shifted using an optical dispersion 
compensator to apparently arrange the signal light waves 

25 of the plurality of channels into the transmissible 
band. 
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1 16. An optical wavelength multiplex 

transmission method as claimed in claim 12. wherein, 
taking a dispersion compensation amount deviation range 
±5Xoc of said optical dispersion compensator into 
5 consideration, a band AXu d n within which the signal 
light waves of the plurality of channels are to be 
arranged is set expanding the same by the dispersion 
compensation amount deviation range 3A.dc on the opposite 
sides of the longer wavelength side and the shorter 
10 wa vel ength s i de. 



17. An optical wavelength multiplex 
transmission method as claimed in claim 13. wherein, 

15 taking a dispersion compensation amount deviation range 
±5Xdc of said optical dispersion compensator into 
consideration, a band AXg o « within which the signal 
light waves of the plurality of channels are to be 
arranged is set expanding the same by the dispersion 

20 compensation amount deviation range SXdc on the opposite 
sides of the longer wavelength side and the shorter 
wavelength side. 



25 



18. An optical wavelength multiplex 
transmission method as claimed in claim 14, wherein, 
taking a dispersion compensation amount deviation range 
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1 ±5Xdc of said opt ical dispersion compensator into 

consideration, a band AXw d n within which the signal 
light waves of the plurality of channels are to be 
arranged is set expanding the same by the dispersion 

5 compensation amount deviation range 3Xdc on the opposite 
sides of the longer wavelength side and the shorter 
wavelength side. 



10 19. An optical wavelength multiplex 

transmission method as claimed in claim 15. wherein, 
taking a dispersion compensation amount deviation range 
±8Xdc of said optical dispersion compensator into 
consideration, a band AXu o n within which the signal 

15 light waves of the plurality of channels are to be 

arranged is set expanding the same by the dispersion 
compensation amount deviation range 8Xd c on the opposite 
sides of the longer wavelength side and the shorter 
wavelength side. 

20 



20. An optical wavelength multiplex 
transmission method as claimed in claim 12. wherein the 
signal light waves of the plurality of channels are 
arranged in a gain band of an optical amplifier 
connected to said optical fiber. 
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1 21. An optical wavelength multiplex 

transmission method as claimed in claim 13. wherein the 
signal light waves of the plurality of channels are 
arranged in a gam band of an optical amplifier 

5 connected to said optical fiber. 



22. An optical wavelength multiplex 
transmission method as claimed in claim 14, wherein the 
10 signal light waves of the plurality of channels are 
arranged in a gain band of an optical amplifier 
connected to said optical fiber. 



23. An optical wavelength multiplex 
transmission method as claimed in claim 15, wherein the 
signal light waves of the plurality of channels are 
arranged in a gain band of an optical amplifier 
connected to said optical fiber. 



24. An optical wavelength multiplex 
transmission method as claimed in claim 16, wherein the 
signal light waves of the plurality of channels are 
arranged in a gain band of an optical amplifier 
connected to said optical fiber. 
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25 An optical wavelength multiplex 
transmission method as claimed in claim 17, wherein the 
signal light waves of the plurality of channels are 
arranged in a gain band of an optical amplifier 
connected to said optical fiber. 



26. An optical wavelength multiplex 
transmission method as claimed in claim 18, wherein the 
signal light waves of the plurality of channels are 
arranged in a gain band of an optical amplifier 
connected to said optical fiber. 



27. An optical wavelength multiplex 
transmission method as claimed in claim 19, wherein the 
signal light waves of the plurality of channels are 
arranged in a gain band of an optical amplifier 
connected to said optical fiber. 



28. An optical wavelength multiplex 
transmission method as claimed in claim 12. wherein a 
band AXj d n within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
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channs 1 s 

29. An optical wavelength multiplex 
transmission method as claimed in claim 13. wherein a 
band AXu d n within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
channels. 

30. An optical wavelength multiplex 
transmission method as claimed in claim 14. wherein a 
band AXu d n within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
channels. 

31. An optical wavelength multiplex 
transmission method as claimed in claim 15, wherein a 
band AXuon within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
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channels. 



32. An optical wavelength multiplex 
transmission method as claimed in claim 16, wherein a 
band AAudm within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
channels. 



33. An optical wavelength multiplex 
transmission method as claimed in claim 17, wherein a 
band AXwon within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
channels. 



34. An optical wavelength multiplex 
transmission method as claimed in claim 18, wherein a 
band AXu d n within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
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35. An optical wavelength multiplex 
transmission method as claimed in claim 19, wherein a 
band AXudm within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
channels. 



36. An optical wavelength multiplex 
transmission method as claimed in claim 20, wherein a 
band AXw d n within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
channe Is. 



37. An optical wavelength multiplex 
transmission method as claimed in claim 21. wherein a 
band AAu d n within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
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channels. 

38. An optical wavelength multiplex 
transmission method as claimed in claim 22. wherein a 
band AXw o n within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
channels. 

39. An optical wavelength multiplex 
transmission method as claimed in claim 23. wherein a 
band AAu d n within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
channels. 

40. An optical wavelength multiplex 
transmission method as claimed in claim 24, wherein a 
band AXuon within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
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channels 

41. An optical wavelength multiplex 
transmission method as claimed in claim 25, wherein a 
band AAu d n within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
channels 

42. An optical wavelength multiplex 
transmission method as claimed in claim 26. wherein a 
band AAu d n within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
channels. 

43. An optical wavelength multiplex 
transmission method as claimed in claim 27, wherein a 
band AXu d n within which the signal light waves of the 
plurality of channels are to be arranged is set 
expanding the same in accordance with optical wavelength 
variations of the signal light waves of the plurality of 
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channels. 

44. An optical dispersion compensation method 
for compensating for a dispersion amount of an optical 
transmission system which includes a transmitter, a 
repeater and a receiver and transmits signal light from 
said transmitter to said receiver by way of said 
repeater, comprising the steps of: 

preparing in advance two kinds of optical 
dispersion compensator units having dispersion am-ounts 
having different positive and negative signs; 

inserting the two kinds of optical dispersion 
compensator units separately into said optical 
transmission system: and 

selecting one of the two kinds of optical 
dispersion compensator units which provides a better 
transmission characteristic to said optical transmission 
system and incorporating the selected optical dispersion 
compensator unit into said optical transmission system. 

45. An optical dispersion compensation method 
for compensating for a dispersion amount of an optical 
transmission system which includes a transmitter, a 
repeater and a receiver and transmits signal light from 
said transmitter to said receiver by way of said 
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repeater, comprising the steps of- 

preparing in advance two kinds of optical 
dispersion compensator units having dispersion amounts 
having different positive and negative signs: 

measuring a dispersion amount of said optical 
transmission system; and 

selecting one of the two kinds of optical 
dispersion compensator units which has a dispersion 
amount whose sign is opposite to that of a measured 
dispersion amount and incorporating the selected optical 
dispersion compensator unit into said optical 
transmission system. 

46. An optical dispersion compensation method 
for compensating for a dispersion amount of an optical 
transmission system which includes a transmitter, a 
repeater and a receiver and transmits signal light from 
said transmitter to said receiver by way of said 
repeater, comprising the steps of: 

preparing in advance a plurality of kinds of 
optical dispersion compensator units having different 
dispersion amounts having different positive and 
negative signs: 

selectively inserting the plurality of kinds of 
optical dispersion compensator units into said optical 
transmission system changing the installation number and 
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the combination of the optical dispersion compensator 
units; and 

selecting an installation number and a 
combination of the optical dispersion compensator units 
from within the plurality of kinds of optical dispersion 
compensator units which provide a good transmission 
characteristic to said optical transmission system and 
incorporating the- optical dispersion compensator units 
of the selected installation number and combination into 
said optical transmission system. 

47. An optical dispersion compensation method 
for compensating for a dispersion amount of an optical 
transmission system which includes a transmitter, a 
repeater and a receiver and transmits signal light from 
said transmitter to said receiver by way of said 
repeater, comprising the steps of: 

preparing in advance a plurality of kinds of 
optical dispersion compensator units having different 
dispersion amounts having different positive and 
negative si gns ; 

measuring a dispersion amount of said optical 
transmission system; and 

selecting an installation number and a 
combination of the optical dispersion compensator units 
from within the plurality of kinds of optical dispersion 
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compensator units, with which dispersion values of the 
signal light waves fall within a transmissible 
dispersion value range, in accordance with a measured 
dispersion value and incorporating the optical 
dispersion compensator units of the selected 
installation number and combination into said optical 
transmission system. 



48. An optical dispersion compensation method 
as claimed in claim 44. wherein the optical dispersion 
compensator units are additionally incorporated into at 
least one of said transmitter, said repeater and said 
receiver of said optical transmission system to 
incorporate the optical dispersion compensator units 
into said optical transmission system. 



49. An optical dispersion compensation method 
as claimed in claim 45. wherein the optical dispersion 
compensator units are additionally incorporated into at 
least one of said transmitter, said repeater and said 
receiver of said optical transmission system to 
incorporate the optical dispersion compensator units 
into said optical transmission system. 
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50 An optical dispersion compensation Tiethod 
as claimed in claim 46. wherein the optical dispersion 
compensator units are additionally incorporated into at 
least one of said transmitter, said repeater and said 
receiver of said optical transmission system to 
incorporate the optical dispersion compensator units 
into said optical transmission system. 

51. An optical dispersion compensation method 
as claimed in claim 47. wherein the optical dispersion 
compensator units are additionally incorporated into at 
least one of said transmitter, said repeater and said 
receiver of said optical transmission system to 
incorporate the optical dispersion compensator units 
into said optical transmission system. 

52. An optical dispersion compensation method 
as claimed in claim 50, wherein, when said optical 
transmission system performs optical wavelength 
multiplex transmission to multiplex and transmit signal 
light waves of a plurality of channels having different 
wavelengths, the signal light waves are demultiplexed 
for each one wave by wavelength demultiplexing and the 
optical dispersion compensator units are provided for 
the individual channels of the signal light waves of th 



wavelengths in said optical transmission system. 



53. An optical dispersion compensation method 
as claimed in claim 51. wherein, when said optical 
transmission system performs optical wavelength 
multiplex transmission to multiplex and transmit signal 
light waves of a plurality of channels having different 
wavelengths, the signal light waves are demultiplexed 
for each one wave by wavelength demultiplexing and the 
optical dispersion compensator units are provided* for 
the individual channels of the signal light waves of the 
wavelengths in said optical transmission system. 

54. An optical dispersion compensation method 
as claimed in claim 50. wherein, when said optical 
transmission system performs optical wavelength 
multiplex transmission to multiplex and transmit signal 
light waves of a plurality of channels having different 
wavelengths, the signal light waves are demultiplexed 
for each plurality of waves and the optical dispersion 
compensator units are provided for the individual 
channel groups each including a plurality of signal 
light waves in said optical transmission system. 
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55. An optical dispersion compensation method 
as claimed in claim 51. wherein, when said optical 
transmission system performs optical wavelength 
multiplex transmission to multiplex and transmit signal 
light waves of a plurality of channels having different 
wavelengths, the signal light waves are demultiplexed 
for each plurality of waves and the optical dispersion 
compensator units are provided for the individual 
channel groups each including a plurality of signal 
light waves in said optical transmission system. 



56. An optical dispersion compensation method 
as claimed in claim 50. wherein, when said optical 
transmission system performs optical wavelength 
multiplex transmission to multiplex and transmit signal 
light waves of a plurality of channels having different 
wavelengths, the optical dispersion compensator units 
are provided for all of the signal light waves of the 
plurality of channels in said optical transmission 
system. 



57 An optical dispersion compensation method 
as claimed in claim 51. wherein, when said optical 
transmission system performs optical wavelength 
multiplex transmission to multiplex and transmit signal 
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light waves of a plurality of channels having different 
wavelengths, the optical dispersion compensator units 
are provided for all of the signal light waves of the 
plurality of channels in said optical transmission 
system. 



58. An optical dispersion compensation method 
as claimed in claim 50. wherein each of the optical 
dispersion compensator units is additionally provided 
with an optical amplifier for compensating for an 
optical loss of the optical dispersion compensator unit. 



59. An optical dispersion compensation method 
as claimed in claim 51, wherein each of the optical 
dispersion compensator units is additionally provided 
with an optical amplifier for compensating for an 
optical loss of the optical dispersion compensator unit. 



60. An optical dispersion compensation method 
as claimed in claim 52. wherein each of the optical 
dispersion compensator units is additionally provided 
with an -optical amplifier for compensating for an 
optical loss of the optical dispersion compensator unit. 
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6 1. An optical dispersion compensation method 
as claimed in claim 53. wherein each of the optical 
dispersion compensator units is additionally provided 
with an optical amplifier for compensating for an 
optical loss of the optical dispersion compensator unit 



62. An optical dispersion compensation method 
as claimed in claim 54. wherein each of the optical 
10 dispersion compensator units is additionally provided 
with an optical amplifier for compensating for an 
optical loss of the optical dispersion compensator unit 



15 63. An optical dispersion compensation method 

as claimed in claim 55. wherein each of the optical 
dispersion compensator units is additionally provided 
with an optical amplifier for compensating for an 
optical loss of the optical dispersion compensator unit. 

20 



64. An optical dispersion compensation method 
as claimed in claim 56. wherein each of the optical 
dispersion compensator units is additionally provided 
25 with an optical amplifier for compensating for an 

optical loss of the optical dispersion compensator unit 
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65. An optical dispersion compensation method 
as claimed in claim 57, wherein each of the optical 
dispersion compensator units is additionally provided 
with an optical amplifier for compensating for an 
optical loss of the optical dispersion compensator unit. 



66. An optical dispersion compensation method 
as claimed in claim 58, wherein a pair of optical 
amplifiers are additionally provided at a preceding 
stage and a next stage to each of the optical dispersi 
compensator units. 



67. An optical dispersion compensation method 
as claimed in claim 59. wherein a pair of optical 
amplifiers are additionally provided at a preceding 
stage and a next stage to each of the optical dispersion 
compensator units. 



68. An optical dispersion compensation method 
as claimed in claim 60. wherein a pair of optical 
amplifiers are additionally provided at a preceding 
stage and a next stage to each of the optical dispersion 
compensator units. 
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1 69. An optical dispersion compensation method 

as claimed in claim 61, wherein a pair of optical 
amplifiers are additionally provided at a preceding 
stage and a next stage to each of the optical dispersion 

5 compensator units. 

70 An optical dispersion compensation method 
as claimed in claim 62. wherein a pair of optical 
10 amplifiers are additionally provided at a preceding 

stage and a next stage to each of the optical dispersion 
compensator units. 

15 71. An optical dispersion compensation method 

as claimed in claim 63. wherein a pair of optical 
amplifiers are additionally provided at a preceding 
stage and a next stage to each of the optical dispersion 
compensator units. 

20 

72. An optical dispersion compensation method 
as claimed in claLm 64. wherein a pair of optical 
amplifiers are additionally provided at a preceding 
25 stage and a next stage to each of the optical dispersion 
compensator units. 
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73. An optical dispersion compensation method 
as claimed in claim 65. wherein a pair of optical 
amplifiers are additionally provided at a preceding 
stage and a next stage to each of the optical dispersion 
compensator units. 

74. An optical dispersion compensation method 
as claimed in claim 58. wherein the optical dispersion 
compensator units are constructed as a package wherein 
they are mounted on a circuit board so that the optical 
dispersion compensator units are replaced or 
incorporated in units of a package. 

75. An optical dispersion compensation method 
as claimed in claim 59, wherein the optical dispersion 
compensator units are constructed as a package wherein 
they are mounted on a circuit board so that the optical 
dispersion compensator units are replaced or 
incorporated in units of a package. 

76. An optical dispersion compensation method 
as claimed in claim 60. wherein the optical dispersion 
compensator units are constructed as a package wherein 
they are mounted on a circuit board so that the optical 
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1 dispersion compensator units are replaced or 
incorporated in units of a package. 

5 77. An optical dispersion compensation method 

as claimed in claim 61. wherein the optical dispersion 
compensator units are constructed as a package wherein 
they are mounted on a circuit board so that the optical 
dispersion compensator units are replaced or 
10 incorporated in units of a package. 

78. An optical dispersion compensation method 
as claimed in claim 62. wherein the optical dispersion 

15 compensator units are constructed as a package wherein 
they are mounted on a circuit board so that the optical 
dispersion compensator units are replaced or 
incorporated in units of a package. 

20 

79. An optical dispersion compensation method 
as claimed in claim 63. wherein the optical dispersion 
compensator units are constructed as a package wherein 
they are mounted on a circuit board so that the optical 

25 dispersion compensator units are replaced or 
incorporated in units of a package. 



SO. An optical dispersion compensation method 
as claimed in claim 64. wherein the optical dispersion 
compensator units are constructed as a package wherein 
they are mounted on a circuit board so that the optical 
dispersion compensator units are replaced or 
incorporated in units of a package. 

81. An optical dispersion compensation method 
as claimed in claim 65, wherein the optical dispersion 
compensator units are constructed as a package wherein 
they are mounted on a circuit board so that the optical 
dispersion compensator units are replaced or 
incorporated in units of a package. 

82. An optical dispersion compensation method 
for compensating for a dispersion amount of an optical 
transmission system which includes a transmitter, a 
repeater and a receiver and transmits signal light from 
said transmitter to said receiver by way of said 
repeater, comprising the steps of: 

incorporating, in advance into at least one of 
said transmitter, said repeater and said receiver of 
said optical transmission system, a plurality of kinds 
of optical dispersion compensator units having different 
dispersion amounts having different positive and 



negative signs in such a connected condition as to allow 
switching of a selective combination of the optical 
dispersion compensator units by means of switching 
means; and 

operating said switching means to select a 
suitable combination of the optical dispersion 
compensator units from within the plurality of types of 
optical dispersion compensator units and incorporating 
the optical dispersion compensator units of the selected 
combination into said optical transmission system. 
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84. An optical dispersion compensation method 
as claimed in claim 83, wherein said switching means is 
operated in response to a control signal from said 
receiver to switch the combination of the optical 
dispersion compensator units while a transmission 
characteristic of said optical transmission system is 
measured simultaneously by said receiver to determine a 
combination of the optical dispersion compensator units 
which provides an optimum transmission characteristic to 



said optical transmission system, and said switching 
means is operated in response to another control signal 
from said receiver to switch the combination of the 
optical dispersion compensator units to the determined 
combination which provides the optimum transmission 
characteristic to said optical transmission system. 



85. An optical dispersion compensation method 
as claimed in claim 82. wherein said switching means 
includes a mechanical switch. 



86. An optical dispersion compensation method 
as claimed in claim 83. wherein said switching means 
includes a mechanical switch. 



87. An optical dispersion compensation method 
as claimed in claim 84, wherein said switching means 
includes a mechanical switch. 



88. An optical dispersion compensation method 
as claimed in claim 82. wherein said switching means 
includes an optical switch. 
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89. An optical dispersion compensation method 
as claimed in claim 83. wherein said switching means 
includes an optical switch 



90. 

as claimed 
includes an 



i 



An optical 
n claim 84. 
optical swi 



dispersion compensation method 
wherein said switching means 
tch. 



t 



10 



15 



ABSTRACT OF THE DISCLOSURE 
The invention provides an optical wavelength 
multiplex transmission method wherein a band in the 
proximity of a zero dispersion wavelength of an optical 
fiber is used and optical signals are disposed at 
efficient channel spacings taking an influence of the 
band, the wavelength dispersion and the four wave mixing 
into consideration to realize an optical communication 
system of an increased capacity which is not influenced 
by crosstalk by FWM. When optical signals of a 
plurality of channels having different wavelengths are 
to be multiplexed and transmitted using an optical 
fiber, a four wave mixing suppressing guard band of a 
predetermined bandwidth including the zero-dispersion 
wavelength Xa of the optical fiber is set, and signal 
light waves of the plurality of channels to be 
multiplexed are arranged on one of the shorter 
wavelength side and the longer wavelength side outside 
the guard band. 
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any foreign appl ication(s) for patent or inventor's certificate listed below and have also identified below any foreign 
applications) for patent or inventor's certificate having a filing date before that of the application on which priority 
is claimed. 
3 atent Applications 

Prior foreign Appl i cat ion<s) Priority Claimed 



No. HE I 5-198674 



Japan 



10/8/1993 



<Mun*>er) 

No. HE I 5-242564 



(Country) 

Japan 



Oay/Month/tear Filed 
29/9/1993 



(MunOer) 



(Country) 



Oay/Month/Year Filed 



CX ] 
Yes 

CX 1 
Yes 



( ) 
Ho 

C J 
Ho 



I hereby claiw the benefit under 35 U.S.C. 5120 of any U.S. appl teat ion<s) listed below and, insofar as the subject matter 
of each of the clai«s of this application is not disclosed in the prior United States appUcat ion<s) in the wanner provided 
by the first paragraph of 35 U.S.C, 5112, and t acknowledge the duty to disclose to the Office all information known to me 
to be material to patentability as defined in $1.56 which became available between the filing date of the prior application 
and the national or PCT international filing date of this application: 



(Application Serial Ho.) 



(Fi I ing Date) 



(Status: patented, pending, abandoned) 



^(Application Serial Wo.) 



(Filing Oate) 



(Status: patented, pending, abandoned) 



;?OVE* Of ATTCWH6Y; 



i*s a named inventor, I hereby appoint the following attorneys and agent: James 0. Halsey, Jr., Reg. Mo. 22,729; Harry John 
5$taas, 22 010; Oavid M. Pitcher, 25,906; Gene U. Stocfcjnan, 21,021; John C. Garvey, 23,607; J. Randall 8ecfcers, 30,353; James 
■*H. Karsh/jr., 24,533; Willia* f. Herbert, 31,024; Richard A. Gollhofer, 31,106; Carla M. ICrivak, 30,956; Matthew J. Bussan 
-33,614; Oaniel V. Juf f ernbruch, 33,122; Jon H. Jurgovan, 34,633; Scott 0. Balderston, 35,436; Hark J. Henry, 36,162; and Paul 
Of. Oaebeler 35 352 to prosecute this application and transact all business in the Patent and Trademark Office connected 
therewith. Send correspondence to: STAAS t KALSHY, 1825 t Street, K.U., Suite 816, Washington. O.C., 20006, and direct 
■^telephone calls to: (202) 872-0123 

fit hereby declare that all statements «ade herein of «y own knowledge are true and that all statements made on information 
Uand belief are believed to be true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. 51001, and that such willful 
M'alse statements may jeopardize the validity of the application or any patent issued thereon. 



^utll name of sale or first inventor George ISHIKAWA 
Inventor's Signature 

(esidence Kawasaki-shi , Kanagawa. Japan 



Oate April 12, 7994 



citizenship Japanese 



•ost Office Address c/o FUJITSU LIMITED 1015 , Kamikodanaka , Nakahara-ku, Kawasaki-shi, Ka nagawa 211, Japan 

ull name of second joint inventor, if any Hideyuki MIYATA _ 

econd Inventor's Signature 1 tUx&^yuJ&t 7V^tya~OL 

esidence Kawasaki-shi, Kanagawa, Japan _ 



Oate April 12, 1994 



Citizenship Japanese 



ost Office AokJress c/o FUJITSU LIMITED 1015, Kamikodanaka, Nakahara-ku, Kawaaaki-shi , Kan agawa 211 , Japan 
Supply similar information and signature lines for third and subsequent joint inventor*,) 
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APPLICATION 

Full name of third joint inventor, if any Hiroshi onaka 



Inventor's Signature_ Date April 12. 1994 

Residence Kawasaki-shi, Kanagawa, Japan 

Citizenship Japanese 



Post Office Address c/o FUJITSU LIMITED 1015, Kamikodanaka, Nakahara-ku. Kawasaki-shi, Kanagawa 

21 1 , Japan 

Full name of fourth joint inventor, if any Motoyoshi SEKIYA 



Inventor's Signature %jyO>^r%i^ A 



Date April 12. 1994 

Residence Kawasaki-shi , Kanagawa. Japan 

Citizenship Japanese 



Post Office Address c/o FUJITSU LIMITED 1015, Kamikodanaka, Nakahara-ku. Kawasaki-shi. Kanagawa 

211, Japan 

Full name of fifth joint inventor, if any Kazue OTSLKA 



Inventor's Signature /c^^. fi^-L Date April 12. 1994 

Residence Kawasaki-shi, Kanagawa, Japan 

Citizenship Japanese 



Post Office Address c /° FUJITSU LIMITED 1015 t Kamikodanaka, Nakahara-ku, Kawasaki-shi, Kana9awa 

211, Japan 

Full name of sixth joint inventor, if any 



Inventor's Signature Date_ 

Residence 

Citizenship 



Post Office Address 



Full name of seventh joint inventor, if any 

Inventor's Signature Date. 

Residence 

Citizenship 



Post Office Address 



